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A Revision of the G-enera and great Groups of the Ecbinoidea. 
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[Bead 7th February, 1889.] 

I. 

lutroduotion; — the noeessity for a Bevision of the Fossil and Eecent Oenera 
of the Glass Eehiiioidea and for a reconsideration of the arrangement of the 
great groups. —Definition of the Class Ecbinoidea and of its Subclasses the 
Palmochinoidea and the Euechinoidea. Bemarks upon the Palmechinoidea, their 
Glassification. — Definitions of the Oixlers and Genera. 

The kst work of L. Agassiz and Desor, Le Catalogue Eaisonn© 
des Families, G-enres, et des Especes de la Classe dos ficHiiides/* 
was published in the Annales des Sciences Natnrelles ^ during 
1846-7, and was a magnificent conspectus of all their previous 
labours in the classification of both the fossil and the recent 
Ecbinoidea. The work formed the foundation of a vast super- 
structure, which, however, soon separated into studies of the 
fossil species and genera apart from those of the recent fauna, 
Desor gathered together all the information regarding the fossil 
forms up to 1858, when he published his ‘ Synopsis des Echinides 
fossiles/ This standard work has been of great value to palaeon- 
tologists. The history of the Zoology of the recent Ecbinoidea, 
subsequently to the date of the ^ Catalogue Eaisonne ’ and up to 
188B, and 'also a previous ^.Eevision of the Echini’ (1872-4) 
were the contributions of Alexander Agassiz. The Eeports on 
the Echini of the ‘ Hassler/ 1874, ‘ Challenger,’ 1881, and ‘ Blake, 
nxm. joubh.— zooLOGT, von. xxra. 1 
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1883, Expeditions, by this author, contain nearly the whole of 
the systematic and much of the morphologi.cal knowledge of the 
recent fauna. The work of Desor, and those of A. Agassiz, the 
one on the fossil, and the others mainly on the recent genera 
and species, are invaluable and have formed the basis of all 
subsequent research. But no book has appeared which has been 
written by any naturalist who has personally laboured in the 
classification and morphology of the Class, which has treated of 
both the fossil and the recent genera. Paheontologists have 
published great numbers of genera and species since the days of 
Desor, and have-not invariably paid attention to the progress of 
their fellow workers who have described recent forms. And, on 
the other hand, much that was written a few years since by some 
naturalists, dealing with recent forms, would not have seen the 
light had careful descriptions of fossil genera, such, for instance, 
as have been published by Cotteau, de Loriol, and Sven Lov6n, 
been available in a standard work of reference. The results of this 
division of labour and of the independent researches of Palaeon- 
tologists and Zoologists have been the adoption of too many 
genera and the production of much confusion in the nomen- 
clature ; and the recognition of genera and species, both fossil 
and recent, has been rendered difficult by tbe publication of their 
diagnoses in the Journals of learned Societies, and in the works 
of Greologieal Surveys of nearly every civilized country. 

The progress of the morphology of the recent Echiiioidea has 
been great, and it chiefly dates from the time of J. Muller (1854) 
and the subsequent publication of S. LoveVs ‘Etudes sur les 
fichinoidees ’ in 1874 ; it was maintained by tlie author of the 
* Eevisioii of the Echini,’ and much valuable new matter is to 
be found in the ‘ Challenger ’ and ‘ Blake ’ Eoports. Loverfis 
wonderful work on Fourtalena and his later contrihuiioiis, 
together with the results of the wmrk of Sir Wy. Tliomson, and 
of Messrs. Norman, Stewart, Ludwig, H. Carpenter, Sladen, 
Hamann, Saiasin, and Bell, and of some publications in the 
Journals of the Linnean and Geological Societies of London, 
have rendered some modifications in the terminology and of tho 
taxonomic value' of certain structures absolutely necessary. 
It is the belief of all practical Echinologists that a work 
which would collect the generic descriptions of both the fossil 
and xecent Launas, and which would revise /and eliminate 
when necessary, by the light of modern morphology, is very 
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urgently required. Hence in this ^‘Eovision of the Genera and 
great Groups of the Fossil and Ecceat Ecbinoidea,’’ the Author 
has endeavoured to remedy an urgent want. He has had uniisuai 
advantages and opportunities for studying fossil and recent 
Eehinoidea ; and in this endeavour to utilize them he is under 
great obligations to his friend A. Agassiz and to the able natu- 
ralists and paliBontolo gists connected with the British Museum, 
the Museum of Practical Geology, the Woodwardian Museum 
at Cambridge, to liis colleague in the description oi‘ the ySindiau 
Fauna, Mr. Percy Sladen, and last, but by no means least, to his 
kind and generous friend SvenLoven. 


Note. — It will be noticed that many genera no longer find a place in 
the classification, hut are cither removed entirely or ])lace(l as subgenera, 
and, as the intention was to limit the genera rigidly, very few new ones 
are introduced. In describing every genus, the name which comes imnie" 
diately after the generic term is that of the founder, and when it is in roman 
type it may be as sumed that the original definition was improved by the 
naturalist whose name stands next. The names placed after the first one, 
even when this is not in roman type, are those of subsequent investigators 
and describers of species w'ho have added to the value or have modified 
the original diagnosis of the genus. When any anatomical details have 
been described relating to a genus, the name of the investigator has been 
added. The references, as a general rule, refer to the date, volume, and 
page of works in which there are illustrations; but, to save space, the 
number of the plate is not given, especially as it will be found upon the 
page referred to. The distribution of the genera has, of necessity, been 
considered, but the great geological formations alone are noticed in dealing 
with the fossil forms. A description of the terms employed in the classi- 
fication will be found at the end of the Essay* 

Tlie synonymy adopted by A. Agassiz in his * Revision of the Echini/ 
1872-1874, is accepted. 

The classification of Dujardin et IIup4 iu * Lcs Suites a Bulfon/ was 
a useful but not critical literary work, being a compilation. M. PomeFs 
^‘Theses,'’ Algiers, 1883^ contain a classification which is not followed in 
this communication, for the fundamental methods employed do not com- 
mend themselves, it being impossible to admit genera which are not differ- 
entiated by characters which have a decided and important physiological' 
value. 


1 * 
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Siil}Hiigdom ECHINODEMATA. 

Class ECHINOIDEA. 

Ediiiioderniata witli a solid or slightly flexible test covering tlie 
visceraj variable in shape from spheroidal- to flat, composed of 
numerous, closely placed, more or less geometrical plates of car- 
bonate of lime, covered with soft structures and carrying spines. 
Most of the plates arranged in several vertical series, reaching 
from tiie moutlito the dorso-central or apical system, constituting 
five ambulacral and fire in terradial areas. Other plates in the 
dorso-central system— the hasal and radial and anal plates. With 
a mouth on the under or actinal snrface, rarely in front of the 
test, and an internal gullet and intestinal tract ending externally 
in an anus, which is either placed in the dorso-central system or 
somewhere in the posterior interradium. A madreporite body 
placed ill the dorso-central system and in relation with a renal 
organ and with the water-system, which is partly within the test 
and partly external, in the form of branchiae and branchial 
tentacles. With or without five teeth in jaw-pieces, which are 
moved by muscles connected with a connected or disconnected 
perignathic girdle. 

Unisexual or bisexual ; the genital glands with ducts perforating 
the basal plates or opening beyond them; the young, either under- 
going metamorphoses and being free-swimmers, or found perfect 
upon the parent’s test. 

Marine : fossil and recent. 

I. Subclass. The PiJiJiiEOHiKoiDEA, Zittel (amended). 

Echinoidoa with only one, or wdth more than two, vertical rows 
of plates in each of the five interradia, and with either two or 
many vertical rows of simple or compound plates in each of the 
five ambulacra ; plates of the areas overlapping or not. Peristome 
actinal. Jaws present. Periproct within the dorso-central 
system or in the posterior interradium beyond. 

II. Subclass. The Exjechtfoidea, Brom. 

Echinoidea with two vertical rows of plates in each of the five 
interradia, and a similar number of vertical rows of simple or of 
compound plates in each of the five ambulacra. Peristome actinal. 
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rarely anterior ; jaws and teeth present or absent. ■ Periproct 
either within the dorso-central system or in the posterior inter- 
radium. 


I. Subclass FALJjJJSGmmWUA. 

The Palseechinoidea have gradually become a great group 
which is readily separable from all the other divisions of the 
Ecbinoidea. The first careful descriptions of its genera and species 
were given by McCoy in his Description of the Carboniferous 
Fossils of Ireland;” subsequently Baily, Meek and "Worthen, Hallj 
and J. Miiller added greatly to the knowledge of the anatomy 
and taxonomy. In ‘ Les Etudes/ Sven Loveu summarized the 
information which had been obtained up to 1874 and mainly 
followed McCoy’s classification. About the same time A. Agassiz 
gave some important notices of the Perischoechinidse, McCoy, 
then the only group of Palaeechinoidea, in the ‘ Eevision of the 
Echini’ (p. 644). In the course of his observations A. Agassiz 
criticised the classifications of previous authors, and very pro- 
perly drew especial attention to the discovery of J. Miiller 
regarding the overlapping of the coronal plates of some genera, 
and he compared this phenomenon with the imbrication of the 
peristomial plates of Cldaris and of the coronal plates of 
the Bchinothuridm. It became evident that a new taxonomy 
of the group was necessary, and Messrs. E. Etheridge, Junr., and 
W. Keeping contributed papers (1874-6) to the Geological Society 
of London, in which the limits of the new classification were 
fairly stated. 

Discoveries of some remarkable forms, such as Bothiocidafu^ 
Schmidt, 1874, Keumayr, 1881, and the reconsideration 
of MeUnomjstites^ Wy. Thomson, 1861, necessitated the intro- 
duction of groups which could not be placed as Perisehoechinidm. 
2ittel gave an admirable classification in his ‘ Palmonfcoiogie/ 
1876-80 ; and finally A. Agassiz introduced some pages in Ms 
Eeport on the ‘ Challenger ’ Echini, 1881, which are full of most 
valuable matter. He had the opportunity of studying the rare 
species described by American palaeontologists, of which plates 
and figures alone have been noticed by European geologists, and 
he brought to bear on their consideration a vast amount of 
knowledge about the recent Echini and especially of the Bchioh- 
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tliiiridse. Tbe descriptions of some genera by Meek and Wortlien 
and McCoy require additions, in consequence of tliis work of 
A. Agassiz. 

The foundation of a classification upon the presence or absence 
of primary tubercles upon tests wras due to McCoy, and it served 
its time ; but it was too artificial and permitted genera to be 
closely associated which had structural differences of great phy- 
siological importance. Por instance, some genera with two and 
with more than two vertical rows of ambiilacral plates were 
associated closely : moreover, genera which bad bevelled plate- 
edges, and wdiere there was overlap, were associated with forms 
w^hicli had rigid tests and no overlap of plates. It must be 
admitted that too much has been made of the presumed and 
real imbrication of plates in classification. 

Whilst it is undeniable that our knowledge of the genera of 
Paheechiiioidea has increased, it is still necessary to remember 
that any classification must be open to exception. It is not 
possible to place some of the genera in the same groups upon 
the admitted principle of the preponderating taxonomic value of 
the structure of the ambulacra, and, indeed, there must be some 
anomalous genera j but the following grouping is suggested as 
the best at the present time. 

All genera founded in reference to single plates or spines are 
not considered, and Mooidaris^ KeyserL, is omitted, for it is a true 
Cidarid. Falwocldaris, Beyr., is synonymous with Lepidocenirus, 
J . Miiller. FeriseJioeidaris, Neum., is the same as FeriseJwdonms^ 
McCoy. FeldnocTmus, Ag., and Falceoeklaru, Desor, are 
synonymous with ArcJiceocidaris^ McCoy. Protoeckmus^ Aust., 
is the same as PalisecJiimis, Seoul. IlelecJimm is 
Norw. & Owen. Opst ocularis, Zitt, PcldmcysUtes, Wy. Tin 
PaJmodiscus, Salter, which was intended for an Astericl genus, 
really contains some Echinoidean types closely resembling Mvkk 
noci/stites ; but the position of the periproct is not kiiowm. 

The genera remainiug after these removals and' absor]:)tioj]B 
are classified under four orders of the subclass Palinechinoiclea. 
PoiJmoddaris, a remarkable form from the Lower Silurian 
formation, requires, as Zittel has shown, a special group, and an 
order is established for it. The Perischoechinoida group them- 
selves with as little friction as possible into two families, the 
Archajocidaridse, with narrow ambulacra, and the Melonitida*, 
with more than two vertical rows of poriferous plates in im 
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ainbulacruTn. TiarecJiinm, so ably described ^by Loyen after 
Neiiinayr, is unique and must enter an order of its own. And, 
dually, the exocyciic JSchinocjjstites comes into tie order Cysto- 
cidaroida. 

It is certainly supremely interesting to find jaws and teeti in 
these old forms and to be able to classify, thanks to Sir Wy, 
Thomson, an exocyciic gnatiostoine amongst the Palaeozoic 
Echinoidea, 

Classification. 

Subclass PALAEECIIINOIDEA. (Page 5.) 

Order L BOTHEIOCIDAROIDA. 

Genus Bothriocidaris, Schmidt. 

Order IL PERISCIIOECHINOIDA 
Family ARCHiEociUABiDiE. 

Genus Lepidocentnis, J. Miiller. 

Koninckocidaris, Dollo & Buisseret 
Perischodomus, McCoy. 

ArchmcidariSf McCoy. 

LepidocidariSf Meek & Wortlien. 

Lepidecliinus, Hall, 

Pakeechinm (Scouler), McCoy (pars), 

MJioecMnits, W. Keeping. 

Family MELONiTiDas. 

Genus Melonites, Norwood and Owen. 

Oiigoporus, Meek & Worth eii. 

LepidestheSf Meek & Worthen. 

EybochmuSf Worthen Sc Miller. 

Pholidocidaris, Meek & Worthen. 

Order III. PLESIOCIBAROIDA. 

Genus TiarechimSi Neuraayr. 

Order IV. CYSTOCIDAROIDA. 

Gmm EchinocystiteSf'Wy. Tlmmoxif 


Order I. BOTHIIIOCIBAEOIDA, 

F. Schmidt, 1874 j Zittel, 1876-80. 

Test regular, more or less spherical, solid; iiiterradia with only 
one vertical row of plates which .do not imbricate ; ambulacra 
with two vertical rows of plates ; plates united at their edges, 
Periproct in the central apical system. Peristome actinal, central. 
Jaws ? 
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Q-eniis Botheiocidaris, Eicliwald, 1860, L^thma Bossica^ p. 654. 
Fr. Schmidt, 1874, Mem, Acad. St, Betersh. ser. 7, voL xsi® 
no. xi. pp. 36-38. Zittel, 1876-80, Balmont. Bd. i. p. 481« 
Locen, 1883, Potirtalesia, p. 57. {Slightly altered.) 

Test small, hemisplierical or conico-hemisplierical. 

Apical system central dorsal, witii five large broad radial plates 
limiting the periproct, each with two pores surrounded by a raised 
rim, 'witli five small, imperforate, triangular basal plates inter- 
vening between tbe radial plates, entering or not the periproct. 
Six or eight ovoid, acuminate anal plates, each with a spiniferous 
tubercle. 

Ambulacra wider than the interradia, straight, with two rows 
of plates, large, hexagonal at the ambitus, and smaller above and 
below; each plate with a central circular pit, with a pair of 
pores on its floor, and with 2-4 small, perforate, wart-like 
tubercles, carrying finely longitudinally-striated small spines; 
around is some granulation. The ambulacra end dorsally at the 
large radial plates and actinally at the peristomial margin, where 
they are moderately broad and exclude, by their contact, the 
interradial plates. 

Tentacles long and cylindrical. {Loven.) 

Interradia five in number, narrow, composed each of one row 
of plates subequal to the ambulacral, but smaller dorsally and 
actinally, excluded from the peristomial margin. Plates may 
have small tubercles and granules. 

Peristome subcircular, margin formed by the ambulacra; five 
narrow triangular buccal plates project inwards. 

Fossil. Lower Silurian : Europe. 

Order II. PEEISCHOECHINOIDA, McCoy, 1849, 

Amt. 4" -hfag. Nat. Mist. vol. iii. (Amended.) 

Tests regular, with more than two vertical rows of interradial 
plates which are dissimilar ; with two or many vertical rows of 
ambulacral plates, each with a pair of pores. Test thick and 
rigid, or thinner and with the plates overlapping more or less. 
Ornamentation variable. Jaws present. 

Family ABCHiEOCinARii ) a 

Perischoechinoida with narrow' ambulacra, each with only two 
rows of poriferous plates. 
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Genus Lepidocenteus, J. Miiller, 1856, Ahliandl. d. Ic. Akad. 
i. Wiss. Berlin, p. 258. L. Schultze, 1867, Denies, d. Jc. 
Akad. JViss. Wien^ toL xxvi. p. 123. Zoven^ 1874, Etudes, 
p. 39. Zittel, 1879, Balceont. Bd. i. pt. iii. p. 482. A, 
Affassiz, 1881, ‘ QhallengeT^ Report, p, 79. {Amended.) 

Syn. Bdlmocidaris, Bejr. 

Interradial areas with from five to nine vertical rows of plates 
at the ambitus ; plates hexagonal, except close to the ambulacra, 
where they are quadrangular ; imbrication aboral and also laterally 
from the median row ; some projection at and over the interradio- 
ambnlacral sutures. 

Ambulacra very narrow, two vertical rows of plates, low and 
broad, each with a pair of pores. Beyond the peristomial margin 
the plates are continued to the true mouth, no distinction being 
possible between coronal and peristomial plates. Tubercles of 
the interradia distant, there being two or three upon a plate near 
the ambulacra ; the other plates carry only one or two. Spines 
subulate and small, but articulated upon tubercles. Jaws 
exist. 

Fossil Devonian: Europe, Lower Carboniferous : U. States. 


Genus Eoninokocidaeis, DoUo ^ Bukseret, 1888, Compt. Bend, 
de VAcad. des EcL Nat., 26 Mars. 

Shape, apical disk, and jaws unknown. 

Ambulacra broad, with two vertical row^s of imbricating plates ; 
a pair of pores to a plate near the interradial edge ; the pores of 
the pair oblique, the adoral internal and separated from the other 
by an oblique ridge; interporiferous area projecting, carrying 
numerous secondary tubercles similar to those of the interradial 
plates, 

Interradia with seven vertical rows of polygonal plates at the 
ambitus, the median row’ the smallest ; plates only twdee as high 
as those of the ambulacra, imbricating, carrying rather distant 
secondary tubercles; the adambulacral plates carry a larger 
primary, perforated tubercle near their margin. Spines, some 
stouter than the others and doubtless belonging to the larger 
tubercles ; some very delicate and slender, striated longitudinally 
and more or less cylindrical. 

.Fossil Carboniferous Limestone: Europe (Belgium). 
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G-enus Pesischodomus, McCoy^ 1849, Ann, ^ Mag, Wat. Mist. 
sep. 2, voL iii. p. 251. W. Keeping^ 1875, Qmrt. Journ. 
G-eol. Soc. 1876, ¥oL sxxii. p. 35, pi. iii. figs. 1-5. Worilien ^ 
Miller, 1883, Geol. ^Pal. Illinois, vol. vii. p. 333. {Amended.) 

Syn, Perischocidaris, l^eutii. 

Test splieroidal, depressed, snbpentagonal in outline. 

Apical system central, witli five broadly pentagonal basal plates 
surrounding a small periproct, each with from 6-8 genital per- 
forations ; radial plates small ; anal plates exist. 

Ambulacra narrow, straight, sunken, overlapped on either side 
by the interradia ; plates in two vertical series, numerous, small, 
low, broad, and either regular in shape, elongate pentagonal, or 
wedge-shaped, the small end of one plate in contact with the large 
part of its neighbour ; plates overlap from the apex actinally, 
each with a pair of pores in simple vertical series or slightly al- 
ternating ; surface minutely granular. 

Interradia broad, with five vertical rows of large scale-like plates 
at the ambitus, diminishing in number to two or three at the apex. 
Plates variable in thickness, thick or thin, convex and irregular in 
outline, those of the middle rows the most symmetrical, trapezoidal 
or depressed hexagonal ; plates of the middle row overlap those 
of the row on either side and these the other rows to the ambu- 
lacra ; each plate also overlaps, with its aboral edge, the plate 
situated apically to it ; the highest plates overlap the basal plates 
of the apical system. 

Ornamentation granular, homogeneous, and of small and also a 
few large, perforate, non-crenulate tubercles with a low, depressed, 
broad, conical boss, placed upon a circular serobicule. A larger 
tubercle upon some interradial plates close to, or in the second 
row from the ambulacra, or more than one, often with a circle of 
the smaller kind near the edge of a plate. Jaws large; teeth 
large and grooved. Spines, some small, aciculate, and striated; 
others larger but still short, smooth and cylindrical, tapering, 
broadest inferiorly, without a ring or collar, striated. 

Possil. Carboniferous : Wexford, Ireland, and Clitheroe, Eng- 
land ; Scotland ; Europe. 

(The diagram given by Keeping, op. cit. fig. 3, should be 
reversed.) 

Tlie type specimen of P. hkerialis, McCoy, in the Wood- 
wardian Museum, Cambridge, has a great adoral underlap of the 
interradial plates. 
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Genus Akchjiociidams, IleCoy^ 1844, Synop. Carl. Mss- IreL 
p. 173. Trat^iseJiold, 1868, BiM. IIoscoio, voL xli, p. 467, 
J". Yoimp, 1873, Geol Mag. vol. x. p. 302; Proc. Nat- 
Hist. Soc- Glasg- vol. ii. pt. 2, p. 325, B. Mhericlge., 

1874, Quart. Joimi. Geol. Soe. vol. xxx. p. 311. Loven, 1874, 
Miuies^ p. 43. W. Keeping^ 1875, Quart. Journ. Geol. Soe. 
voi, xxxii. p. 39. A. Agassiz, 1881, ' Challenger' Beport, 
p. 77. {With additions.) 

Syn. Bchinoerimis, Ag. ; Balceocidaris, Beaor. 

Test large. Shape and apical system unknown. 

Amlnilacra narrow, straight, reaching beyond the peristome to 
the true mouth ; plates irregular, imbricating adorally, each 
perforated by two pores ; plates in two vertical rows. 

Interradia with from three to five vertical rows of large, thin 
plates, the median hexagonal and those of the rows nearest the 
ambulacra more or less pentagonal, diminishing in number 
towards the poles, and continued beyond the peristome as 
small plates. The median plates are bevelled over those on 
either side slightly, and these over others to the amhulacral edge, 
which may be raised ; the adoral edge of each plate with a broad 
groove for the reception of the corresponding aboral process of 
the next plate situated adorally ; the plates within the peristome 
overlap towards the apex. Slits at the peristome for the external 
braiKthiie. 

Jaw^s with long, broad, grooved teeth, the pyramids rather 
short, upper foramen small, cheeks deeply cut. 

A large primary tubercle upon each interradial plate, having a 
low'-, conical truncated boss, supporting a narrower subconieal per- 
forated mamelon, surrounded by a wide groove ; scrobicule large, 
almost flat ; plate beyond with a circlet of secondary tubercles and 
large granules, with concentric striations or creiuilatioiis. Spines 
of the large tubercles large, long, slender, bluntly serrated on the 
longitudinal ribs, some spines smooth, and beyond tlie lower third 
striated and with rows of oblique spinules. The annular ridge of 
a spine may be creiiulated. 

Fossil. Carboniferous Limestone ; Ireland, Scotland, England, 
"Wales, Europe, and N* America (Upper Coal-measures, Illinois), 
Permian: England, 
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Genus Lepihocidakis, Meek ^ Wortlmi, 1869, I'roc. Acad, Nat. 
Boi, Philad. p. 79 ; 1873, Geoh Illinois, voL v. p« 478, 
pL ix. fig. 15. 

Syn. Eocidaris, sensu, Meek & Wortlien. 

A fragment of a very large test, spheroidal, depressed. Am- 
bulacra narrow, slightly coiiYex ; plates in two vertical rows 
feebly imbricated adorally, compound; the primaries alternate 
with demi-plates, which are pointed towards the median suture. 

Interradia very broad, with eight or nine vertical rows of plates 
or even naore, hexagonal towards the median line and pentagonal 
close to the ambulacra, all imbricated aborally and laterally ; but 
the lateral overlap is from the ambnlacral edge to the central 
plates, which are overlapped on either side. A large central 
tubercle on each interradia! plate, with a small, perforated, central 
projection for the spine ; the base of the tubercle surrounded by 
a circular smooth depression, bordered with granular mamelons. 
Primary spines long, cylindrical, slender, finely striated ; articular 
end perforated and swollen so as to form a distinct ring. Dental 
apparatus with the teeth grooved. 

Fossil. Lower Carboniferous Limestone : N. America. 

Genus Lepidechiots, Sail, 1861, Bescr. neio Crinoidea, 
Erelim. note, Albany, p. 18 ; 1867, Twentieth Beyort State 
Cabinet Neio York, p. 295. Meek ^ Worthen, 1866, Geol, 
Surv. (Pal.) Illinois, vol. ii. p. 291 {reference to Sail). 
Meek ^ Worthen, 1868, Geol. Illinois, vol. iii. p. 522 (note). 
Loven, 1874, Etudes, p. 44. B. Etheridge, Junr., 1874, 
Quart. Joum. Geol. Soe. vol. xxx. p. 312. Keeping, 1875, 
Quart. Journ* Geol. Soc. 1876, voi. xxxii. p. 36. 

Test large, spheroidal. 

Apical system pentagonal, made up o£ several ornamented 
plates, also a circle of small plates within the periproctal ring. 

Ambulacra narrow, straight, with two vertical rows of small, 
low, broad plates imbricating, the adoral edge of one plate over- 
lapping the aboral edge of the plate below it. A pair of pores 
to each plate. 

Interradia very broad, composed of from nine to eleven vertical 
rows of plates, diminishing considerably in number apically, the 
plates nearest the ambulacra smallest; the plates imbricating 
laterally from the niedian series and from pole to pole, the 
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median plate overlapping at its sides its neighbours, and the 
aboral edge of each plate overlapping the adoral edge of the plate 
above. Tubercles on each of the plates of the numerous rows 
above tlie ambitus, and absent below, except upon tlie plates 
nearest the ambulacra, where they are solitary. Dental apparatus 
unknown. 

Fossil. Upper Devonian and Lower Carboniferous : IST. 
America. Carboniferous: Europe (Belgium). 

Genus Pad^eechinus, Scouler, MSS. 1839. McCoy, 1844, Synop. 
Oarh. Foss* Ireland, p. 171 (pars), Baihj, 1864, Journ. Boy* 
Geol. Soc. Irel, vol. i. pp. 63-65 ; 1865, Geol. Mag. vol. ii. 
p. 42. Meeh ^ Wbrthen, 1866, FaL Illinois, vol. ii. p. 229. 
Be Koninch, 1869, Bull. Acad. Brux. vol. xxviii. p. 554. 
B. Ftlieridge, Junr., 1874, Quart. Journ, Geol. Soc. vol. xxz. 
p. 311, pL XX. Loven, 1874, Btudes, p. 40. W. Keeping, 
1875, Quart. Journ. Geol. Soc. vol. xxxii. (1876), p. 37* 
Buncan, 1889, An7i. ^ Mag. Mat. IList. ser. 6, voh iii. 
p. 196. {Amended.) 

Syn. FrotoecTimios, Aust. ; TypJileoliiniis, Keum. 

Test moderate to very large, prolate or oblate spheroidal, rigid, 
thick. 

Apical system central, with a pentagonal periproct sur- 
rounded by five large basal plates, each perforated by three canals, 
or one plate may have but one perforation ; five small, doubly 
perforated radial plates, placed either’ within the periproctal 
ring or not separating the basal plates ; the anal membrane with 
concentric plates, largest externally. 

Ambulacra narrow, straight, convex along the median line and 
sunken in the poriferous zones, composed of two vertical rows of 
very numerous low, thick plates of different shapes ; these are 
either primaries, all of which reach the ambulacro-intorradial 
suture as well as the median ambulacral suture, or alternate 
plates which are more or less blocked out from the inter- 
radial suture, by the increased dimensions of the outer parts of 
the plates above and below ; or there may be demi-plates and 
more or less perfect primaries in the same ambulacrum, the demi- 
plates being large at tbe interradial suture and short and pointed 
towards the median ambulacral line, the primaries being long and 
may not reach the interradial suture; compound plates rare. 
Pairs of pores, in two vertical rows, on each side of an ambu- 
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lacriim ; the outer pairs either in demi-plates or in primaries^ 
the inner pairs always in primaries, which maj, however, be short ; 
the outer row is associated with the plates, which form decided 
salient angles at the ambulacro-interradial sutures; pores of 
pairs separated by distinct septa and without peripodia, always 
distant from sutures. Ornamentation of ambulacra of small 
granules and one or more transverse rows of a few very small 
tubercles consisting of a flat scrobicule and a small boss. 

Interradia broad, convex, wflth from five to eight vertical rows 
of thick tumid plates diminishing in number towards the poles ; 
middle plates hexagonal, the adambulacral pentagonal and with 
the ambulacral edge with salient and reentering angles to fit the 
corresponding structures of the ambulacral plates ; some obliquity 
of the edges of all the plates, but no true overlap. Ornamentation 
of numerous small, close tubercles with a flat scrobicule and a 
boss ; there may be a linear ornamentation also ; spines small, 
aeicular, short. Jaws and teeth wdth a groove. 

Fossil. Upper Silurian: England. Carboniferous Limestone ; 
England, Ireland, Scotland, Europe; IN. ximerica. 

The reasons for restricting the species of Falcsecliinus to those 
with two vertical rows of pairs of pores on each side of an ambu- 
lacrum and for insisting upon the presence of radial plates have 
been considered in a late publication (Ann, & Mag. Nat. Hist, 
ser, 6, vol. iii. p. 196, 18S9), and the necessity for enlarging the 
interesting genus Mhoeehimts, W. Keeping, has been shown in 
the same place. The genus Blioechimis now admits the forms 
of Palseechini with only a single vertical row of pairs of pores on 
each side of an ambulacrum, such as P. elegans, McCoy. 

Genus Ehoeghikus, W. Keeping., 1875, Qmrt. Journ. Geol. Soc. 
voL xxxii. (for 1876), p. 37. Duncan^ 1889, Ann, cf Mag, 
Nat Hist, ser, 6, vol iii. p. 205. (Amended.) 

Test small or moderate, spheroidal. 

Apical system with five basal plates with several perforations ; 
radial plates with more than one perforation ; periproctal ring 
formed by both radial and basal plates or only by the basal plates. 

Ambulacra narrow, straight, composed of a vertical row of 
plates on either side of the median line ; plates low, broad, thick, 
primaries only ; a vertical row of pairs of pores on each side of 
an ambulacrum, a pair to each plate. 

Interradia with from four to five rows of plates diminishing at 
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tlie poleSj irregular in slia,pe or hexagonal in the median line and 
polygonal at the ainbulacral edge. Orimmentatioii of Binall 
grannies with occasional small bosses surrounded by a flat 
scrobicule ; plates obliquely bevelled at the edges, admitting of 
slight overlap. 

Fossil. Carboniferous Limestone : England and Ireland, 

Family Melonitidjii. 

Perischoecliinoida with broad ambulacra composed of many 
vertical rows of poriferous plates. 

Grenus Melonites, Norwood ^ Given, 1846, Amer. Journ, 2 ser. 
vol. ii. p. 225. Meek ^ Wortlien, 1866, Fal. Illinois, voL ii. 
p. 227. Qicenstedt, 1872-75, Petr. Betdsch. Abth. i. vol. iii. 
p. 381, pi. Ixxv. figs. 44-50. Loven, Mtudes, 1874, p. 41, 
B. Etheridge, Jmir., 1874, Quart. Joiirn. Geol. Sog. vol. xxx, 
p. 313. W. Keeping, 1870, Quart. Joiirn. Geol. Soc. vol. 
xxxii. p. 395. 

Syn. Meleehinus, ^Quemt. 

Test very large, ellipsoidal, grooved longiindinally ; plates 
thick. 

Apical system central, with five equal, pentagonal, tali basal 
plates with a corresponding number of intervening radial plates ; 
genital perfoi^ations of the basal plates varying in number from 
three to five, a single pore to a radial plate. Periproct circular. 

Ambulacra broad, concave on both sides of a median ridge, 
with ten or more vertical rows of rather geometrical or of small, 
low, broad plates, thin or thick, each perforated near its centre 
by a pair of pores, median rows the largest; some slight imbrica- 
tion of the plates. 

Interradia with seven or eight or nine vortical rows of plates, 
diminishing in number tow^ards the poles, thick, small, hexagonal 
near tlie median lines, pentagonal next to the ambulacra and the 
edges festooned there for the zigzag of the ainbulacral suture. 
Some obliquity of tbe edges of the plates, especiaily when thick. 
Ornamentation of very small, distant, inamillate, imperforate 
tubercles ; on the ambulacra they are close, and upon scrobicular 
circles. Spines minute, acicular. 

Peristome central. Jaws large, and with stout pyramids,' 
teeth large, grooved, and long, pointed. 
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The obliquity of tbe edges of tbe interradial plates is sliglitj 
and its direction and amount are insufficient for imbrication; 
the ambukcral plates, when thin, have some imbrication adorally 
and laterally. 

FossiL Carboniferous: England, Europe; America. 

Genus Oi/TGOPoehs, MeeJc WbrtJien, 1860, Froe. Acad. Wat. 
8ci, Fhilacl. voL xii. p. 474; 1866, Fal. voL ii, 

p. 247. 

Test with the same general shape as Melomtes, and the apical 
system also. 

Ambulacra ■with four vertical rows of plates, each plate per- 
forated by a pair of pores, some demi-plates amongst the pri- 
maries. 

Interradia large, convex, with from five to nine vertical rows 
of plates at the ambitus, diminishing in number towards the 
poles. 

Fossil. Lower Carboniferous : N. America. 

Genus Lepibesthes, Ifeeh ^ Wbrihen, FaL Illinois^ voh iii. 
p. 522. 

Test ellipsoidal ? 

Ambulacra very broad, consisting of ten vertical series of plates 
at the ambitus ; the plates overlap adorally, and they are broad, 
small, low, and each has a pair of pores. 

Interradia comparatively narrow, with five or six vertical rows 
of plates, which overlap aborally and at the sides. Tubercles 
very small, equal. 

Fossil. Carboniferous : N”. America. 

The next genus requires careful consideration, for it was 
founded partly by "Worthen, whose name is so familiar to 
students of the Palaechinoidea, and yet contains characters 
which appear to be due to the same cause which led some excel- 
lent observers into error with regard to the nature of the imbri- 
cation of the Echinothuridm. 

It appears that it is quite possible that the distinguished 
American palaeontologist may have seen the plates of his type 
from within, and, if so, it accounts for the character which he has 
given the type, of the plates overlapping in a direction contrary 
to all other Palmechinoidea. 'Worthen and Miller, after noticing 
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this aiioinaly^ observe that the direction of the overlap is the 
same as that seen in EchinothuridsB. Now there is no doubt 
that this mistake about the direction of the overlap of the ambu- 
lacral and interradial plates in Eehinothuridje originated with 
the late Sir Wy ville Thomson, who wrote in ‘ The Depths of the 
Sea/ 1873, p. 158, that the overlap was of “ the plates of the 
interaiiihulacrai are® from the apical pole towards the mouth® 
those of the ambuiacral areas from the mouth towards tbe apical 
disk/’ He referred, for the purpose of illustration, to Ms figure 
28 (on p. 157). Unfortunately this figure is of part of the inside 
of the test of Caheria {Astlienosoma) liystrix^ lUy. Th. The 
direction of overlap is alw^ays considered in relation to the out- 
side of tests. In 1S74 Mr. E. Etheridge, Junr. (Quart. Journ. 
Geol. Soc. vol XAX. p. 307), quoted Sir Wy ville Thomson’s words, 
and it became generally believed that the overlap of the plates 
of the Echiiiothiiridse was in the opposite direction to that of the 
Perischocchiiioidea. But Sir Wyville Thomson also wrote in 
1874 (Phil. Trans. Eoy. Soc. p. 730), after the puhlication of Mr. 
Etheridge’s paper, as follows The plates of the interambulacral 
areas ovmlap from the mouth towards the apex, and the am- 
bulaeral plates in the opposite direction.” A. Agassiz also 
pointed out that the overlap is normal. Again, the most striking 
character of Wortheu and Miller’s genus is the projection in the 
form of liunips of the ambulacra near the apex. But that con- 
dition is so anomalous that one is tempted, especially after the 
explanation of the abnormal overlap, to believe that the reverse 
condition should be seen from outside, and that the humps are 
really marsupia seen from within the test. The genus as defined 
by its authors is given, but the remarks just made should have 
their wmight. 

Genus Hxboohifus, Worthen Miller, 1883, Geoh ^ iPah of 
Illinois, vol. vii. p. 331. 

Test flexible, subspheroidal, consisting of 5 ambuiacral and 
the same number of interradial areas ; protuberances at the apical 
ends of the ambulacra {possibly narsttpial cavities). 

Ambulacra composed of numerous (10) ranges of alternating 
and overlapping plates, and even more at the ambitus ; each plate 
perforated in the central part by a single pair of pores. The 
plates imbricate from below upwards {probaUy from above 
downwards). 

Mm. JOlTiW.— ZOOLOGT, TOL. XXllI. 
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Interradia one half as broad as the ambulacra, with five or 
more vertical rows of overlapping plates, which diminish in 
number towards the poles ; the plates imbricate from above down- 
wards {prohahhj the reverse) and from the central range outward. 

Surface covered with small granules for the articulation 
of minute spines. Jaws consisting of large sub triangular, 
truncated, conical pieces deeply furrowed towards the ends and 
perforated in the central part. G-enital plates probably with four 
pores. The spines minute and acicular, 

I^ossil. Carboniferous : IN’. America. 

Genus Pholibocibaris, ^ WortJien, 1869, JProc.Acacl tScL 
FJiilad, p. 78 (under Lepidocentrus) ; 1878, GeoL Illinois 
{FaJisont,\ voL v. p. 510, ph xv. Jig. 9. Loven, Mudes, 
1874, p. 40. Zittel, 1879, Faleeont. Bd. i. p. 482. 

Fragments belonging to individuals of from 90 to 100 milli- 
metres in diameter. 

Interradia with five or more rows of plates imbricated aborally 
and laterally, granular, thin, rounded, convex, unequal, those 
nearest the ambulacra three or four times the size of the others, 
elliptical, higher than broad, projecting. On one surface 
(ventral?) there are primary tubercles one to a plate, placed 
centrally, and perforated, and surrounded by two smooth rings ; 
similar tubercles on the opposite surface of the test only on the 
ambulacral plates. Spines subulate, finely striated longitudinally. 

Ambulacra broad, with six vertical rows of small plates, variably 
shaped, oval, rhomhoidal, or with the angles rounded; plates 
imbricating adorally ; with a moderate-sized mamelon, and the 
pores in single or sometimes double pairs, in a depression. 

There are also small spines and small buccal scales present. 

Fossil. Inferior Carboniferous : N. America. Type P. irre-- 
ffularL% Meek and Worthen. 

There is a singular question about the zoological position of 
Falmodkcus, Salter, for the late Sir ’Wyville Thomson placed it 
as a synonym ol Eelimbeystites. There are specimens in the 
Museum of Practical Geology, Jermyn St, and in the British 
Museum ; and it is tolerably evident that there are forms there 
which simulate the typical Falmdiscus^ which Salter decided to 
be an Asteroid. Two of these forms in the British Museum are 
associated, ,and properly so, with the PalseecMnoidea,^ but' are 
flattened, badly preserved semicasts. The interradial parts have 
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several vertical rows of plates and tlie ambulacra are narrow, and 
with a multitude of small, low plates each perforated minute] jbj 
a pair of pores j as there are two pairs of pores on each side of 
tiic ioediaii line and placed nearly horizontally, the presence of 
two vertical rows of ambuiacral plates on either side of the 
median line must; he admitted. The peristome presents some 
appearance of jaws. There is not enough to define a new genus 
from, and certainly the reason for placdng the forms in UcJiino- 
cj/stifes is not apparent. The alliance is with OUgoporus^ but it 
is necessary to ^vait for better specimens. (See Bchinocystites?) 


Order III. PLESIOCIDAROIDA. 

Test small, subliemispherical, solid, with a large apical system, 
having large united basal plates and a central periproct. Ambu- 
lacra narrow, and with two vertical rows of poriferous plates. 
Interradia with a single peristomial plate, folIoAved by three 
plates separated by vertical sutures. Large tubercles on the 
actinal surface. 

Genus Txabeciiiwits, J^eiimayr, 1881, Sifzimgsb. d. kais, Alcad, 
(L JViss. Wlen^ 1882, Bd. Heft i. p. (59. Lovin, Fourta- 
lesia^ 1883, Kongl. Sveiiska Vetensh.‘Akad, Rcmdl. Bd. xix. 
pp, 11, 04, pi. xiii. 

Test small, flat actinally and slightly elliptical in marginal 
outline, siibheniispherical dorsally. 

Apical system very large, extending nearly halfway to the 
ambitus ; periproetal space small, pentagonal; basais very large, 
the posterior the smallest, hexagonal, forming a very broad ring; 
genital pores two in number, one in the basals 1 and 3 ; radial 
plates pentagonal, notching the union of the basals sligiitly ; pores 
absent. 

Ambulacra band-like, equal, but the posterior pair are closer 
together tlian the others; straight, broadest at the peristome, 
made up of two vertical rows of numerous low', broad primary 
plates, each with a pair of pores and a small plain tubercle. 

Interradia broad, actinally composed of a single peristomial 
plate, above which are three tall plates only, one median ancl the 
others at its sides* Ornamentation, a plain primary tubercle 
to each plate at the ambitus and actinally ; elsewhere the test 
is coai’sely granular, including the apical system. Siitures very 

2 “^ 
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invisible; test solid-looking. Peristome large^ oval-elliptical^ 
without brancliial incisions. 

Fossil. St. Cassian-Trias : Europe. 

It is to be observed that the single species of this genus^ 
T. princess, Laiibe sp., w^as diagnosed from specimens 3*8 millim, 
in lieiglitj 5‘2 millim in leogtli, and 4‘9 millitn. in breadth. 

Order IV. CySTOCIDAEOIDA, Zittel, 1876-81. 

Test irregular (exocyclic), gdobular or ovoid, thin, flexible (?) ; 
modreporite central and dorsal. Ambulacra narrow, and wntK 
two vertical rows of poriferous plates. luterradia broad, with 
nnmeroiis vertical rows of scale-like moveable plates ; periproct 
in the posterior interradium above the ambitus. 

There has been a difficulty made about the name of the 
principal, if not the only, genus of this family, WyTille Thomson 
defined the genus very well in 1861, and employed the term 
JEchmocptiteSj which was a good one. In 1864 Hall called a 
genus of Cystidea by the name already occupied by Wj. Thomson’s 
genus. In 1876-80 Zittel, in his ‘ Palaontologie,’ p. 480, altered 
Wy. Thomson’s term to Cysiocidark^ and noticed the fact about 
HalFs using the nMne BeMjioeystdtes^ it was preoccupied. 

Certainly Wy. Thomson’s name must continue, and Hall’s 
Cystidean will have to be called by something else, and Oysto- 
cidaru must lapse according to the ordinary rules of nomen- 
clature. 

Grenus Echixocxstites, Wy. TliojMon, 1861, Fdinh, Neio Phil. 
Jo'urn. n. ser. vol. xiii. p. 108, pis- iii,, iv. (no?i Echinocystites, 
Hall, 1864). 

Syii. Cystocidark, Zitt. ; Paheodkeus, Salt, in Wy, Thoms, op. 
evL p. llG^h 

Test large, spheroidal or ovoid, thi n, flexible. 

Apical system central and dorsal, apparently consisting of a 
large madreporite only. 

Ambulacra narrow, straight ; plates numerous, small, low, in 
four vertical rows, a central pair of pores in each plate, and 

* The genus Mmdimis, Saltep, 1857, Ann. & Mag. Nat, Hist. ser. 2 
Tol %a:. p, 332, was considered by Wy. Thomson in the same essay as that 
which contained the description of Echim&ystites, and the solitary species was 
stated to, be flexible and the teeth were as chisels,, 
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therefore four verfeira,! rows of pores two on each side of a median 
groove* 

Interradia with numerous, 6-8, vertical rows of scale-like 
lozenge-shaped or irregular plates, each with a small pTimaij 
tubercle surrounded bj a scrobicule; granules present, and the 
spines short, sharp,, striated, and serrate. The areas appear to 
unite apically. 

Peristome central, aetinal, small, pentagonal or stellate, sur- 
rounded by marginal amhuiacral and interradial plates; dense 
sheaves of short spines at the bdge. Jaws highly developed, five 
pyramids ; the inner, oral surface of the pyi’amids with strong 
spines* or with striated chisel-shaped teeth. Periproct large, 
on a low pyramidal protuberance in an inter radium, at about 
one third of the diameter of the test from the peristome. 

MssiL Upper Silurian: Scotland. 


II. 

Kemarks upon the Sabclasa Euechinoiclea, the five Orders, definitions, 
and of the Suborders of the second Order. Order I., the Cidaroida ; the 
Paniily Oidariclte. Section. I. Genus Cidaris (note on the classification). The 
seven, divisions of the genus; definitions: Subgenus Goniocidaris, Other genera. 
Section .II. Order 11., the Diadematoida. The Suborder Streptosoinata; con- 
siderations regarding the anatomy and classification. The Family Fohinothu- 
ridjn, and Subfamilies Pelanechinina} and Behinothurin® ; the description of the 
genex’a. 


IL Subclass EUEOEmOlBBA. 

The classification the Euechiuoidea, like that of mmy of the 
great groups of luvertebrata, can be generally natural and 
definite ; but an artificial method seems to be necessary, occa- 
sionally- Some of the “ Orders ” are well defined by characters 
of considerable anatomical and physiological value, but others 
are of unequal relative value, are perhaps too comprehensive, and 
Suborders have to be founded. 

The Orders Cidaroida and Clypeastroida, amongst the Giiatho- 
stomes, are well defined, but the discovery of the Dra. Sarasiu 

^ The spines at the oral surface of the pyramids are accidentah and tli© 
result of crushing, ■ 
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regarding the internal hrancMse of the Echinothnridse and 
Ludwig's remarks concerning the rudimentary nature of these 
organs in some Diadematidae, coupled with the knowledge that in 
some genera of this great family the internal branchiae are not 
seen, renders it impossible to classify npon the old grounds* 
The difllenlty is where to place the Echinothuridce, and the Tem- 
nopIeuridsB, Eehiiiometridge, and Eehinidce in reference to the 
Diadematidse and close allies, and the Salenildsc. It is the opinion 
of A. Agassiz that the Echinothnridce should be placed close to 
the Liadematidffi and not with the PalseechinoidaBa ; and it ap- 
pears to be justified by facts. But the flexible forms with the 
ambulacral plates continued to the mouth are, as a group, not of 
the same taxonomic value, in reference to the Diadematidm, as the 
other families just mentioned. The Bchinothuridss have sub- 
ordinal characters. On the other hand, it is not possible to 
separate the Echiniclce, Echinometridse, and Temnopleurida) from 
the Diadematidae ; and they all belong to a suborder. , * 

There is at present no other method possible than to separate tlio 
G-nathostomes which are endocyclic, and which have continuous 
perignathic girdles and external branchije, into twm Suborders, 
In one the test is flexible and the brauchim are both external and 
internal; and in the other the test is rigid, and the internal 
branchiae are either small, rudimentary, or absent. 

A difficulty occurs amongst the Exocyelic genera, and there is, 
at present, no satisfactory 'classification possible of some of the 
Exocycliea without teeth. 

It appears to be straining a point to separate such a genus 
as Disco idea from the Order which contains Iloleah/jms, but the 
perignathic girdle of the last-named and its jaw^s and teeth 
differ from those of the first-named genus. In Discoidea there is a 
perignathic collar with possibly the relies of ambulacral pro- 
cesses ; but it is the opinion of Mr. Percy Sladen and the authoi' 
of this Eevision that no jaws were present. Loven is of a dif- 
ferent opinion, hut still no jaws have been found. It is not 
possible to place DcMnoconus with either of these genera, for 
the ambulacra and the peristome differ, it has most rudimentary 
auricles, and the perignathic girdle is reduced to more or less 
defined interradial ridges, and the genus was jawiess. Discoidea 
was a transition form, between the Gnathostomes and the Suborder 
of Cassiduloidea, and part of the dental apparatus was abolished, 
and degeneration of the perignathic girdle occurred. To place 
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the genus in a separate Suborder is not advisable; and it is 
perhaps best to enlarge the definition of the Order, which con- 
tains Soleetypm as a type, so as also to include the genera with 
perigiiathic girdles of more or less continuous collar-shape, without 
jaws. At present our knowledge of the genera Galewpygm 
and Faoliyelgi)eiiB is so defective that the}^ must remain imert(d 
sedis. 

The abolition of the toothless Irregiilares (Esocyclica) as a 
group assists the definition of the Cassiduloidea, for FliyUo- 
cigpeus, Gonolampas, and even Uchinoconus can enter it, only 
the latter genus being, possibly, somewhat artificially placed. 
The separation, made many years since by Besor, between 
the Cassidiiloids with a fioscelle and without that important 
peristomial character, holds good, and the only difficulty in the 
taxonomy is to place the few genera which have, besides some 
Cassiduloid characters, the dissimilarity of the ambulacra charac- 
teristic of the Spatangoida, and variable apical systems, such as 
JEolampas^ ArcMacia, Claviasfer, Ast&rostoma, &c. These genera 
are aberrant, yet they link the Cassiduloidea with the Spatan- 
goidea in an Order. They form a new Eamily, the Plesio- 
spatangidse. 

The classification of the great group of Spatangoidea — a Sub- 
order — has been rendered difficult in consequence of the discovery 
of the abyssal forms. Tinder the hands of Loven* and A. Agassiz t 
the suborder has become manageable, and its families are those 
of the Ananchytidse, Spatangidae, Leskiidse, and PourtalesiidjB. 
The Spatangidse contain four well-marked types, but they do not 
appear to be worthy of subfamily distinction, for their separating 
characters are rather artificial and are of unequal value. The 
divisions are those insisted upon by Loveii, namely, the genera 
without fascicles, those without a suhanal fasoiole, those with 
a subanal fasciole, and those which are apetaloid. These are 
the divisions of Adetes, Prymnadetes, Prymnodesniia, and 
Apetala. 

The attempt is made, in this revision, not to overvalue the 
characters of perforation and crenulation or of the plain and 
imperforate nature of primary tubercles. The physiological value 
of crenulation is very slight, it often occurs or is absent in the 

^ ‘ Etudes ’ and ‘ Pourtalesia.' 

t Keport on the * Challenger’ Echini. 
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saEie species and specimen, and it and the opposite condition will 
not distinguish genera for the future 
The nature of tlie ambul acral plates, the arrangement of the 
pairs of pores, and the shape and functions of the tentacles are, how- 
ever, considered to he of great taxonomic importance. The great 
importance of the radial plates, formerly erroneously considered 
to have a reference to an optic organ instead of a prim ary tentacle, 
is not admitted ; and M. Pome! is not followed when he eiicleaTours 
to establish genera and subgenera upon the eutrance or not of 
one or more of the radial plates witliin the periproctal ring. 
Following A. Agassiz, the structure and shape of the spines are 
considered of secondary importance in classification, and genera 
are not separated on account of dissimilarities in the spines, 
nearly or quite all other structures being the same. These 
remarks will account for a proceeding which may take some 
paleontologists by surprise, namely, the absorption of Pseudo- 
diadema into the previously diagnosed genus JDiadema, and the 
union with this last of many subgenera which were formerly 
considered to be genera. 

II. Subclass ETTECEmOIBPA, 

I, Order. — Euechinoidea with au actinal, central peristome and an 

abactinal periproct, situated within the dorso-centrai system ; 
with internal branchim only, and having jaws and more or 
less vertically placed teeth, and a discontinuous peri gnathic 
girdle ; the interradial as well as ambulacra! plates continued 
beyond the peristome to the true mouth. Spherldia absent. 
Eudocyclic, anecto branchiate, Gnathostomes, 

CIDAEOIDA. 

II. Order. — Euechinoidea with an actinal, central peristome and 
an ahactiiial periproct situated within the dorso-eentral 
system ; with perfect or rudimentary or absent internal 
branchise, with external branchisB and incisions in the peri- 
stome ; with jaws and teeth and a continuous perigoathie 
girdle ; ambulacial pdates alone continued beyond the peri- 
stome or as separate buccal plates. Spheridia present. 
Endoeyclic, ectobranchiate, Gnathostomes. 

DIADEMATOIDA. 

* Ann. k Mag. Nat. Hist. 1888. pp. 120-122. 
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1. Suborder Steeptosomata. — Test more or less flexible, witli 

external and internal branchiae. Ambiilacral plates alone 
continued beyond tlie peristome to tbe stoma. 

2. Suborder Steeeosomata. — Test rigid, witli external braii- 

cliise and rudimentary or absent internal brancMas ; with 
isolated buccal ambulacral plates. 

III. Order. — Euecbinoidea with an actinal, central peristome, 
and the periproct situated beyond tbe dorso-central system 
in tbe posterior interradium ; with external brauchise ; with a 
pair ot pores or only one pore to an ambulacral plate ; with 
feeble jaws and vertical teeth, or without these structures ; 
witli a variably constructed perignatliic girdle. Spheridia 
present. Exocyclic, oligoporous, Ectobrancbiata. 

HOLECTYPOIDA. 

lY. Order. — Euecbinoidea with an actinal peristome, a peri- 
proct situated beyond the dorso-central system, in the pos- 
terior interradium ; with external branchise ; with tentacular 
pores in the interradia, and more than a pair to an am- 
bulacral plate ; tentacles heteropodous in arrangement ; 
with more or less horizontal and rarely vertical teeth, 
and with jaws situated superiorly to the disconnected 
perignatliic girdle. Spheridia present. Exocyclic, petalo- 
branchiate, poly porous, Grnathostomes. 

CLTPEASTIOIDA, 

V. Order. — Euecbinoidea with an actinal or a frontal peristome, 
and a periproct situated beyond the dorso-central system, 
ill the posterior interradium; without external branchiae, 
jaws, teeth, and perignathic girdle. Spheridia present. 
Exocyclic, anectobranchiate, Fodostomata. 

SPATANGOIDA. 

1. Suborder CASSintrLOiDEA. 

2. Suborder Spataxgoibia. 
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Subclass II* EUMGEWOIBIIA. 

Order I. CIDAEOIDA (p. 24). 

Family Ctbahidhi, Agassiz ^ Desor, 1846, Gafal, Bais,, Ann. 
^ScL Eat. Tol. vL p« 325 (pars)- ^oJi. Milller^ 1854, AWi. ct 
Ic. Akad. d. M^iss* Berlin^ p. 123. Bssor, 1858, Sgnopsis^ 
p. 2 (pars). WgiK Thomson^ 1874, Bhil. Tram. voL ekiv. 
p. 720. A. Agassiz, 1874, Revision, pp. 251 & 384 (pars)--\ 

Test spberoidal ; the aiiibiilaci:*a narrow, witli two vertical rows 
of very numerous low plates, wMcli are primaries, and rarely 
become coiiipoiiiicl, united by tbeir edges, each with a pair of 
pores arranged in single and rarely in double series ; other plates 
continiied from the peristome to the true mouth and imbricating, 
besides being perforated ; interporiferous areas with large and 
small granules only. 

Interradia broad, with few plates in two vertical series, most 
witli a large primary, serobiculate tubercle, carrying a large 
spine, secondary tubercles and granules with smaller spines ; 
plates united at their edges; some broad and low plates con- 
tinued from the peristomial margin to the true mouth, and 
imbricating. 

Apical system large, with five basal plates and five radial 
plates, each witli a perforation ; periproet in the midst, covered 
wdth plates. A madreporite in the right anterior basal plate. 

Jaws with the foramen of the pyramid small, and not closed 
ill by epipli 3 rses ; teeth grooved ; perignathic girdle discontinuous, 
with a bifid process on each interradium only. Branehia) in- 
ternal; tentacles subheteropodous f- Peristomial branchial inci- 
sions and external brancliim absent. Spines variable. Spheridia 
absent. 

^ A. Agassia pointocl out iii tlie ‘Eevision ' that the anatomical researches of 
Johan. Muller ronderod a correct dchnition of tlio family Citlaridm possible. 
But nearly all the definitions which have been recorded liave been too synthotie, 
Since A. Agassiz gave such a mine of information regarding tho recent germs 
CHdaris and its subdivisions, there has been a general movonient towards simpli* 
fication. The old subfamily BideiiUm ” has been oUmiriatod and the fossil and 
recent Oiclarid® form a tolerably homogeneous group. In tho Eeport on the 
* Challenger ’ Echini, 1881, A, Agassiz remarks concerning the branchial slits at 
the true mouth of recent specimens of Cidaris {p. 53) Whether it is these 
organs (gills) which find their way through the cuts or not, in our Florida 
species, I am unable to state ; and a renewed examination of living specimens 
will be necesaary before we can settle this interesting question.” 

t The definition of terms is given at the end of this Essay. 
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Order CIDAEOIBA, 

Family CiDAEiBiE. 

Section I. Ambulacra! pairs of pores iiinserial. 
Genus Cidaris, 

Subgenus Goniocidaris, 

Genus Orthocidaris. 

Temnocidaris. 

Polycidaris, 

ScGtion II. Ambulacra] pairs of pores biserial. 
Genus Diplocidaris, 

Tetracidaris. 


Section I. 

Tlie first genus of the Cidaridm is Cidaris, Agassiz and Desor, 
1846 ; and it is a Yery large one. Nevertheless it is well dif- 
ferentiated from any other genus ; and it would be easily de- 
fined bad not a series of artificial divisions, raised to the dignity of 
subgenera and even of genera, been employed to group the species. 
It is best to give the amended generic definition, and then to 
consider the grouping of the species. 

G-enits CiDAEis, Klein, 1734 (pars); Lamarck, 1816 (pars) ; 
Q-ray, 1825 (pars). Agassiz ^ Desor, 1846, Gat. Bais., Ann, 
SgL Ifat, vol. vi. p. 325. J. Muller, 1853, d, Bch., 

AIM. d. h, Almd. d, Wiss. Berlin, pub. 1854, p. 123. 
Besor, 1858, Synopsis, p. 3. A, Agassiz, 1872-74, Bevision 
of the Bchmi, p). 252 ; and 1881, ^Challenger ’ Beport, p. 33. 
G, Stewart, 1871, Quart, Journ, Micr, ScL n. s. vol. xi. p. 54 ; 
and 1879, Trans, Linn, Soc, vol. i. p». 5G9. Loven, 1887, 
Bell, descr, hy Lhmeeus, pp. 138, 146. 

Syn. : — Bbcidaris, Desor, 1858 * ; Amuheidaris, Zittel, 1884 1 ; 

' Biscocidaru, Doderlein, 1885 J; SelilemUzia, Studer§. 

Syn., when employed as genera and not as artificial divisions : — 
Steplmnocidaris, A. Agassiz H ; BhaModdaris, Desor IT ; Leio- 

^ Synopsis, p. 155. t N. Jahrb. f. Min, Bel. ii. p. 133. 

f Aroliiv f. Haturg. Wiegm. 1885, Heft i. p. 83. 

§ Monatsb, d. h Aiad. d. Wiss. Berlin, 1877, p. 463. 

11 Revision, p. 393. 

^ Synopsis, p. 39 ; and^ de Loriol, 1883, Cat, Eais. d. Ech. reo. a file 
Maurice, p. 7, 
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cidaris^ Desor^'^ FJi^Uacanthus, Brandt- f ; Boroeidaris^ A, 
Agassiz $. 

Test variaWe in size and thickness, spheroidal, depressed or talk 

Apical system large, either fiat, and with the large geometrical 
basal plates weakly united, or solidly sutured ; the radial plates 
large, separating the basals or not, and in the first ease often 
touching the outer periproctal plates which may intrude. Basal 
pores large ; the madreporite in the right anterior basal plate ; 
the periproct pentagonal, variable in size, numerously plated. 

Ambulacra narrow, undulating or nearly straight, composed of 
very numerous broad low primaries, which are perforated by 
single pairs of pores, the pores being variable in their distance, 
and may or may not be united by a groove ; poriferous zones 
broad 5 interporiferous areas with vertical rows of distinct granules 
which are small, and may have rudimentary mamelons. The 
plates are continued beyond the peristomial margin to the edge 
of the mouth, and are low, broad, imbricating, and each is pierced 
by a pair of pores. 

Interradia broad ; coronal plates few, from 5 to 11, in each of 
the two vertical rows, each with a primary tubercle, scrobiculate, 
and perforate, may be crenulated or not. Scrobicule large, often 
sunken, its margin "with small secondary tubercles and large 
granules ; the space beyond the scrobicules with large miliary 
granules* 

Peristome large, without branchial incisions ; the interradial 
plates continued beyond the peristome to the mouth, small, low, 
imbricating, in double series. Spheridia absent. 

Perignathic girdle discontinuous ; auricular processes upon 
the interradia. Pyramids of jaws unclosed above by epiphyses 5 
teeth grooved. 

Spines of the ambulacra, the serobicular circle, the miliary 
zones, and of the plates beyond the peristome very similar, small, 
straight, blade-of-oar-shaped, very close ; aiid those of tiie scro- 
bicules cling around the primary spines. Primary spines very 
variable, even in the same species, with a calcareous network 
internally and solid outside, lamellary, or fluted externally, and 
variously spinuled, granulate, laminated, some whorled; long, with 
a cylindrical or angular section, pointed or blunt; or very short, 

^ Synopsis, p. 48. 

t Trodr.'d. Act. d. fAcad, St. Petorsb.i8S4 (Additions), p. 267* 
f Bevision, p. 254, 
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clubbed, and large at the blunt end ; fusiform, sharp, or blunt ; 
cylindrical and blunt, with spinuies, thorns, and granules or 
disk-shaped expansions, or cup-shaped at the end, with spines 
radiating ,• or long, flat, expanding, furrowed and spiiied. 

Tentacles disciferons actinaily, and gradually becoming non- 
prehensile and branchial. PedicGllaria3 large, trkkctyle, gemnii- 
form, and small and blunt-headed. 

Sexes separate or not j young usually undergoing metamor- 
phoses, rarely not, and then found upon the parent. 

Mssil. Permian: Europe. Trias: Europe, Asia Jurassic to 
Post-pliocene : England and Europe, Africa, Asia. Cretaceous 
to Tertiary : E". America, Egypt, and W. Africa. Tertiary : 
Australia. 

Mecent, World-wide, 


Every writer upon the classification of the Echiiioidea since Desor has 
complained of the unsatisflictory attempts of some of the most distin- 
guished authorises to subdivide the genus Cklaris. The subdivisions 
gradually became subgeuera; and of late these have received generic 
importance. The divisions were made upon very unimportant external 
characters ; and subsequent research has proved that these structures, the 
variations of which led them to be considered of good diagnostic value, 
are of no physiological importancef. The presence or absence of perfo- 
ration and creniilation of the primary tubercles, and the connection of the 
pores of pairs by a groove, or their disconnection by a granule or swelling, 
have really been the main features relied upon to establish divisions, sub- 
genera, a!id finally genera. Common observation will satisfy anybody 
that crenulation is not invariable upon the same test in many instances ; and 
it is a mistake to believe that it is a structure which relates to the strength 
of the spine-muscles. These are attached to the edge of the scrobicule, 
and are inserted just below the milled ring of the spine ; and they have 
nothing to do with the crenulation. This appears to add to the attach- 
ment surface of the membrane of connective tissue which closes the ball- 
and-socket joint of the spine and tubercle. 

The grooving, or the reverse condition, between the pores of a pair is of 
no physiological importance whatever ; and it is frequently impossible to 
decide whether the pores are connected by a groove or hot. 

Any classification in which these characters are used is artificial. 

The number of iuterradial coronal plates is of physiological importance ; 

* Eomlaris—Ci darts has been found in the Sait Range, British India, 
t Duncan, 1888, Aim. & Mag. Kat. Hist. vol. i. p. 124. 
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and tliere is a great temptation to consider typical Cidarids as having but 
a few^ say not more than seven, in a vertical row. 

Blit all the other structures, or the varieties of structures, are to be noticed 
in combination with few or many plates. The spines of some species 
are apparently so peculiar that they have been used as ckssiiicatory data 
of primary importance ; and one subgenus has been founded upon them. 
But A. Agassiz very properly now lays down the law that Cidarids cannot 
be classified by their spines alone. The nature of the apical disk is very 
different in some Cretaceous and recent species : in the former it is solid, 
and with a tall basal ring and a small pentagonal periproct in some welb 
known forms ; and in the latter it is large, flat, with feebly united plates, 
the radial plates sometimes separating (with or without the assistance of 
some periproctal plates) the basals. But there is every link in the inter- 
mediate chain of structures to be seen, and even in the same species there 
are variations in relation in the position of the basals and radials, entry 
or not of the latter taking place within the ring. The size of the miliaries 
and the occasional want of perfection of the tubercles of the interradiai 
plates close to the apes cannot be of any great importance. 

Both Lamarck and Agassiz, and subsequently Desor, insisted upon the 
subdivision of CidariSs in reference to the condition of the primary 
tubercles and the grooved or not nature of the test between the pores of 
pairs. Desor thus established Rhahdocidaris and Leiocidaris; Brandt 
established the subgenus Phyllacantkus from the nature of the spines and 
straightness of the ambulacra. A. Agassiz decides against Leiocidaris, and 
adds to the diagnosis of Phyllacanthus; and he introduces Doroac/am, 
which is a true Cidaris with non-creniilate tubercles. De Loriol and 
M. Cotteau have both altered the range of diagnosis in JRhabdocidaris and 
Leiocidaris; and the first-named naturalist decides against Leiocidaris 
and Phyllacanihus, 

It appears, after having given the subject careful consideration, that 
none of these divisions is worthy of a true subgeneric position, but that 
lihab do cidaris, Leiocidaris, Dorocidaris, Stepha7iocida7ds, Phyllacantkus 
(Brandt), A, Ag,, and Porocidaris are fairly useful artificial divisions. They 
are synonyms of Cidaris, however. Goniocidaris is a good subgerms. 


I. Typical Cidaris. 

If the system of subdividing the gems artificially is adopted, 
the typical species will be those with a small number of inter- 
‘ radial coronal plates (5-8), and with the ambulacra more or 
less undulating, the pores of pairs rather close and separated 
by a nodule or ridge, and the primary tubercles perf orated and 
crenulafced. 

The other divisions will be as follows : — 
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IL Ditisioh. Syn. G-erius BliaMocidaris, Desor, 1818 , Synopsis, 
p. 39. 

Large swollen tests, often as liigli as broad ; remarkable on 
account of the particular structure of the poriferous zones, 
which, are broader than in true Cidaris, the two pores of a pair 
being distant, and linked by a groove which is small and hori- 
zontal. Ambulacra in general straight or slightly flesiious. 
Tubercles large, always strongly ereniilated (at least in the 
fossil species), and proportionally more numerous than in true 
Gidaris, Scrohicules large, often elliptical. Miliary zone 
broad. Spines very stout, some cylindrical or prismatic, and 
furnished with dentations or spines, and others in the shape 
of oars, either simple or with spines at the base. Articular 
facette very large and strongly crenulated. JSTeek little or not 
constricted. — (Type, Qidarh copeoides, Cott., and 0. guttata, 
Cott.) 

III. Ditisioh, Syn. G-enus Leiocidaris, Desor, op. cit, p. 48. 

Large tests, with smooth tubercles ; but they differ from 

Cidaris because the pores of a pair are linked by a small groove, 
as in BJiaddocidaris. Miliary zones very broad. Spines as 
large smooth cylinders, resembling thoi^e of Seferocenfrotus. 
Desor defines Leiocidaris as Bhahdocidaris with unerenulated 
tubercles. — {Cidaris canaliculata, Dune. & Sladen, Loss. Ech. 
Sind, Pal Ind. ser. ziv. p, 109, 1884, is a good type.) 

IV. Ditisiof. Syn, Suhgenus JDorocidaris, A, Agassiz, 1872, 

Eevision, p. 254. 

Ainbulaeral median area narrow j a small number of inter- 
radial plates ; scrobicules sunken, and median space also. 
Tubercles without crenulations, and the pores of a pair without 
an intermediate groove. It will be observed that the spines 
are very variable in this division. 

Boro cidaris is a true Cidaris, with no crenulation on the 
tubercles, — {Cidaris papillata, Leske, is the type.) 

V. DiTisiOF. Syn. Genus Stepltanocidaris^ A. Agassiz, 1872, 

Eevision, p. 393. 

Test thin. Apical ' system larger than the peristome, the 
plates feebly united, and the whole flexible; the polygonal 
basal plates separated by large radial plates.— ( (7/ Jam lispi-^ 
nosa, Lmk., is the type.) 
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VI. Diyisiof. Sjn. Subgeniis JBhyllacanthus^ Brandt, 1834, 
Ree. cl. Aetes del’Acad. Imp. d. Sci. de Bt. Petersb., pub. 
1835, Additions, p. 267 ; A. Agassiz, Eevision, 1873 , p. 387 . , 
(Amended.) 

Test large, swollen, comparatively tliiii, and with tlie maximum 
of coronal plates, 8-11. Apical system large ; the basal plates 
in contact, or separated by radial and anal plates. Ambulacra 
almost straight or very slightly nndulating, broad ; tlie pores in 
a broad zone, and united by a groove. Primary tubercles 
of the interiadia large, perforate, non-creiiulatc'd, scrobiciilar 
circle large, areola sunken, mamelon sinalL Miliary area wide. 
Spines mostly solid, tlie primaries varying greatly in shape 
and size, cylindrical, triangular, flattened in section, elongate 
or club-shaped, Want or pointed ; fliitiiigs strong, either as 
simple striation, or as continuous or broken lamellie variously 
projecting, soiiietim.es forming secondary spiniiles. — (P. duhia^ 
Brandt. See lovdii’s remarks upon the subgenus in ‘ Echin. 
described by liinnjens,’ 1887, p. 148.) 

TIL Divisrox. Syn. Genns Forocidaris, Desor, Synopsis, 
pp. 46, 47. Wy. Thomson, 1874, Phil. Trams, p. 726. 

Ambidacra broad and straight ; pores wide apart, united by a 
groove. Primary interradial tubercles with small perforate and 
crenulated inainelons ; the scrohicules more or less transversely 
oval, with shallow grooves more or less defined, radiating from 
the periphery towards the centre, along tlie flank of the 
tubercles, \dtli or without pores or depressions at the outer 
.extremity of the grooves. Some spines flattened, witli strongly 
serrated edges, resembling the smaller peristomiai spines of 
Cidaru y)(ipiUaia. — {Cidarujjurjjiimta^ Wyv. Tlioms., the type.) 


Subgenus GoNiocirAiits (genus), JDesor^ 1846, Agamiz if Besor^ 
Cat, Mais. dBc7t^,Am, d. ScL Bat, vol. vi. p. 337. IJltken^ 
lB%i,Ved, Med. f. Nat. KjohenJi. p. 137. A. Agmsis, 1873, 
p. 395. 

Test high ; coronal plates numerous ; ambulacra narrow ; the 
median sutural regions of interradia and ambulacra sunken, 
forming witli tbe horiasontal sutures a zigzag, culminating in 
pit-like depresBions nt the angles of junction of the sutures. 
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Spines variable, eitlier long, cylindrical, and pointed, the sur- 
face having tborng, pointing irregularly outwards, or short, stout, 
cylindrical or flat in outline, with enlarged cup-like tops with a 
fringe of strong radiating spinules ; spiniiles in vertical series 
along the stems or restricted to the edge, in the flat specimens « 

Viviparous, unisexual. 

Fossil. Tertiary : Sind, Asia. 

Mecent. Philippines ; Indian Archipelago ; East Indies ; Aus- 
tralia, N. South Wales ; Tasmania ; Falkland, Marion, and Ker- 
guelen Islands ; Patagonia ; Antarctic Ocean ; Katal ; Zanzibar. 

Wy, Thomson and Stnder discovered about the same time, in 
1876, that Goiiiocidaris was viviparous, and that the young were 
carried upon the apical system, protected by the upper spines of 
the test, until their full development took place. Sfcnder, 1876, 
Berk Akad. Monatsb. p. 455, noticed the large genital openings 
covered by a thin membrane ; and Thomson described the method 
of carrying the young, and that the female genital openings 
notch the edge of the basal plates (Journ. Linn. Soc. vol. xiii. 
1876; and Voyage of the ‘ Challenger,’ vol. ii. p. 228). It is 
necessary to admit the unisexual nature of the species^. 

Grenus Obthocidaris, Ootteau., 1862, Fal, Fmng., Terr. Oret 
vol. vii. p. 364. 

Syn. Mypodiadema, Desor (pars). 

Test moderate and subspherical. 

Apical system flush, pentagonal, small. 

Ambulacra narrow, straight ; interporiferous area with small 
granules, which may have luamelons, placed in several rows and 
without order ; pairs of pores in simple straight series, the pores 
separated by a granule, in low primary plates. 

Interradia very broad, plates numerous ; primary tubercles very 
small, perforate and plain, distant, occupying a small portion of 
their plates ; the scrobicules small and circular ; the miliary areas 
large, and the granules with mamelons. 

Peristome small, narrow, without branchial incisions; the 
interradial lips the largest. 

Fossil. Lower Cretaceous : Europe. 

^ <3-enus DiscoGidans^ Boderlein, from Japan, hjis large outer anal plates and 
disciform ends to the primary spines; and it is a Cidaris. A7iaulocidaris, Zittel, is 
too close to Oidaris to be considered otherwise than a species. 

ScUmiitzm, Studer, is a Cidaris. 

Eocidaris, Keyserl, now aptpears to have all the requisite structures to classify 
it with Cidaris, and thus the genus is carried back in time to the Eermian age. 

niHH. JOTOH. — zoonoQYj'Ton. xxin. ' 3 
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The next three genera are not satisfactory. 

Q-enus Temhocidabis, GoUeau,lS6B^ Fah Fmng,^ Terr^ OrSi,^^ 
¥oL vii. p. 355. 

Test large, splieroilal. 

Apical system large> flush, wider than the peristome 

Ambulacra suhflexuous,^ narrow ; poriferous zones broad, the 
pairs of pores in simple series ; interporiferotis areas with small 
granules placed without order, except a larger row near the 
poriferous zone, 

Interradia large; tubercles numerous and large, plain aha " 
scrobiculate ; miliary areas large and minutely granular, marked 
with linear depressions* 

Peristome moderate,^ subcircular. Numerous small shallow 
circular pits in the miliary areas and in the interporiferous areas, 
but scattered without order, and not in relation with the sutures 
or their angles of junction. 

Fossil. Cretaceous : Hurope. 

The pits do not resomble those of the Temnopleuridse ; and 
there is a suspicion of their post’-mortem origin. Certainly the 
test, apart from the pits, is that of a Cidaris. 

G-enus PonxciDAiirs, Ousnstedt^ 1858, Bar Jura, p. 644, tab. 79. 
fig. 69; 1874, Fetr. JDeutsclil. p. 216, tab. 69. figs. 10-12. 
Zittel^ 1879, Falmmt. Bd. i. Lief. iii. p. 496. 

Coronal plates low, broad, numerous in the broad inteiTadia 
(9-15), two vertical rows of primary tubercles which are per- 
forate and crenulate, and with scrobicules which run the one 
into the other vertically. Median interradia! area smooth, 
between broad angular zones. 

Ambulacra very narrow, straight; pairs of pores in simple 
series; pores separated by a nodule; interporiferous areas mth' 
two vertical rows of very small and numerous tubercles or 
granules. 

Fossil. Oolite: Europe.^ 

Leptocidaris, Quenst., 1858, pi. 90. fig, 10 ; 1874, Petr. DeutseiiL p. 232, 
tab. 69. figa. Pliis tiime was given to a fragment in which the corona! 

plates are numerous and low, and the pairs of pores are in simple series. 

In Quenstedfs last work, 1874, the anatomy of an ambnlaeral plate is given, 
and it is not that of a Ciclarid, The genus is placed after the Hemxcidaridm, 
p. 55. 
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Eamilj Cidabioj). 

Section II* 

The amhulaeral pairs of pores biserial. 

G-entis Diplocidaeis, Besor, 1854-58, Synopsis^ pp. 45 & 439. 
CoUeau^ 1862, Mev, et Mag, Zool. vol. xiv. p. 185, pL 10. 

Test large, spheroidal, wider than high. 

Apical system large, solid, pentagonal, flush. 

Ambulacra narrow, straight ; poriferous zone as broad as the 
interporiferons area ; pairs of pores very numerous, close, biserial, 
alternating more or less, placed in low primary plates which 
are single actinally, and which form compound plates elsewhere, 
these being double or triple combinations of low primary plates. 
Interporiferons area narrow, with two vertical rows of large 
granules with mamelons and a narrow, bare median space. 

Interradia broad ; plates few, high, 7-8 ; two vertical rows of 
large, perforate, scrobiculate, primary tubercles, which may or 
may not be crennlated, in each area ; miliary zones large, with 
scattered granules. 

Peristome narrow, with narrow amhulacral lips 5 branchial 
incisions absent. Jaws strong ; the foramen of the pyramid small 
or absent. Perignathic girdle with interradial ridges only, and 
they are notched and hilobed. 

Spines long, thick, cylindrical, granular, and pustulate in longi- 
tudinal ridges. 

Fossil. Oolite : England ? ; Europe ; 1^. Africa. 

The next genus is placed here provisionally ; it has four coronal 
interradial plates in each interradium, but not in every part of 
the areas j and the nature of the peristome is unknown in the 
species. The shape and the construction of the ambulacra are 
very remarkable ; and it must be remembered that A. Agassiz 
found divisions in the interradial plates of Astropgga raiiata 

Challenger * Echini, pL x a, fig. 9, 1881). 

Genus TErEACiUAEis, Ootfeau^ 1872, Bev. etMag. deZool. ser.2» 
vol. xxiii. p. 445, pL 29. 

Test large, circular in equatorial outline, tumid, broader than 
high, depressed, spheroidal. 
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Apical system central, large. 

Ambulacra straight, moderately broad ; poriferous zones de- 
pressed, pairs incompletely biserial ; plates low, primaries iiii- 
meroiis. Interporiferoiis area narrow, granular, and with a 
vertical row of small plain tubercles, placed near each poriferous 
zone. 

Interradia with numerous very large crenulate and perforate 
primary tubercles, in scrobicules, separated by a narrow median 
zone with few miliaries ; there are four vertical rows of tubercle- 
hearing plates as far as the ambitus, diminishing thence to 
the apex by two. The plates are numerous, in vertical suc- 
cession (10). 

Peristome ? 

Spines narrow, elongate, suhcylindrical, keeled. 

FossiL Cretaceous : Europe. 

This is a very suggestive, but at the same time, on account of 
the defective anatomical details, a most unsatisfactory genus. 

The resemblance to A^tropyga and the very non-Cidaridean 
characters of the ambulacra render the classification merely 
provisional. (See Astropyga, p. 78.) 


Order II. DIADEMATOIDA (p. 24), 

It is impossible to proceed with the classification of the next 
important group of genera of this Order without some remarks 
concerning the anatomical characters of the Streptosomata and 
the method of classifying the Family Diadematidjc of the Stereo- 
somata. The late Dr. S. P. Woodward described a flexible 
Ecliinoid from the Chalk in 1863, and the knowledge regarding the 
recent forms commenced with Grube, who described Asiliemwma 
in, 1868. Then the dredgings of H.M.S. ‘ Porcupine ’ revealed to 
the late Sir Wy. Thomson the extraordinary spectacle of a panting, 
plate-moving form, which he called CahericL The descriptions 
of the species, which turned out to belong to Astkenosomay were 
published in the Phil. Trans. 1874, and illustrated. The impor- 
tance of the imbrication ” of the plates was inculcated, and the 
hearing of this structure upon the classification of the Family, and 
upon the possible alliances with the Perischoechiiiidm, was rather 
overstrained. Unfortunately the very arduous life and necessary 
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absence from England of Sir Wj. Tbomson preyented Mm from 
giving more time to tbe study of tbe specimenSj so that some 
errors were published. It is evident, however, that the mistake 
made about the direction of the imbrication of the plates in ‘ The 
Depths of the Sea ’ was corrected in the Phil. Trans. 1874. But 
the description and drawing of the eontiiination of interradial 
overlapping plates beyond the peristome to the true mouth were 
unfortunate and so was the failure to recognize the external 
branchim. Some of the internal structures were described, such 
as the series of longitudinal muscles running up the sides of 
the ambulacra, and having to do with the positive motions of 
the plates one over the other; but, incomprehensibly enough, 
the huge internal branchife were not recognized, and their dis- 
covery has fallen to the Drs. Sarasin in 1888 1 A. Agassiz, in his 
Eeport on the Challenger Echini, 1881, considered the question 
of the amount of the imbrication of the plates of the Echino- 
thurida — its cause, nature, and its relation to bevelling in thicker 
Pal^eechinoidea. These phenomena were exhaustively and most 
judiciously explained. 

Nothing can be more definite than the description of A. Agassiz 
of the construction of the test of Astlienosoma A. Ag. 

He remarks that the test is remarkably thin, and that even in a test 
of the diameter of 64 millim, the plates do not give the test any 
degree of solidity. Tbe examination of a specimen of PJiormo- 
soma liiGulentum^ A. Ag., in the British Museum proves the com- 
paratively large size of some of the interradial plates, but they are 
excessively thin, consist of very open reticulate carbonate of lime, 
and they thin off at the edges, the calcareous stincture being lost 
in the membranous part of the plate. This membranous part is 
continuous between plates, and the soft edge of one plate merges 
into the corresponding membranous part of the neighbouring 
plate, 

In Asthemsoma coriaceum. A, Ag, (‘Challenger^ Eeport, 
pL xvii. a. figs. 5-7), the amount of soft interplate tissue is con- 
siderable; in some places the plates show an extremely small 
calcareous part, and the excess of soft tissue is great. The semi- 
transparency of some species, when kept in alcohol, is remarkable, 
and the calcareous part of the plates is seen to be surrounded by 
a greater or less amount of soft movable, but probably not 
extensible, connective tissue — ^that is, of uncalcified plate-area. 
The fiexibility of such tests is considerable in large parts of them, 
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and it is of course less wlieii the pressure is localized ; they may 
be bent inwards and swell out elsewhere correspondingly. During 
life, movements of the test occur, and it is doubtless due to the 
contraction and dilatation of the internal longitudinal muscles, 
noticed and drawn by Wj. Thomson, and so well described and 
drawn by the Drs. Sarasin, as well as to gravitation. During 
this contraction and also after death the edges of the plates, 
especially the transverse edges, are approximated and slip over 
or under each other as the case may he. Nothing can be clearer 
than the drawings of A. Agassiz in regard to I^hormosoma tenne 

Challenger ^ Eeport, p. 93, pi. xviii. a. figs. 1-13). The whole of 
the transverse edge of a plate overlaps that of its fellow in suc- 
cession. The fig. 4 has no overlap of edge, fig. 5 has it slightly, 
but not figs. 2, 7, 8. The amount of overriding is small, and is 
assisted to a small degree by the thinning of the edges of all the 
plates, but there is no such thing as a bevelled thick edge. 

In the drawing given by Sir Wy. Thomson (op. cit, 1874, pi. kv. 
fig. 2), which shows the inner part of a test of Adlienomna below 
the ambitus, the pairs of pores situated in the transverse sutural 
spaces are not forced out of their direction; hence the overriding 
must be very slight there. There is, ou the other hand, definite 
but limited overlap of the interradial plates. The amount of 
interplate membrane varies in the species of Fhormomma^ and it 
is less on the whole than in those of AstJienosoma^ and }’et the 
amount of overlap is only partial in this genus. The species 
Fhormosoma rtfidtmz, A. Ag., has a significant name, and it is 
evident that the interplate membranes are reduced to their 
utmost ; there is no appreciable space between the plates in the 
drawing (Eeport on the ^ Challenger ’ Echini, pL xii. a. figs. 1-4, 
p. 104) ; all the other generic characters are present, but this is 
not a flexible and “panting” form, and has most significant 
alliances with the Diadematidse. 

The pistol-shaped outlined plates of AsthenoBoma do not imbri- 
cate on most of their transverse edges, but the overlap is perfect 
at the median line of both areas, and a flap of plate must be more 
or less permanently overlapped or underlapped by another there. 
The ambulacral plates within the peristome, clearly orerlap, 
and in order that the movement shall be uncontrolled there, the 
tentacles are associated with pores which are seen upon the plates 
themselvoB, and they are not upon the interplate structure. 

In both genera of recent Eehinothuridm a special character 
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is the imperfect calcification of plate areas; the plates are 
therefore surrounded by soft tissue, and that of one plate is con- 
tinuous with those of its neighbours, without close suturing. 

It must be admitted that the overlap in Astropyga is rather an 
overstrained analogue of that which occurs in Asthenosoma \ it is 
slight and persistent in Astropyga^ and there is no movable soft 
tissue between the plates. 

The interesting work of the Drs. Sarasin npon Asthenosoma 
shows that the longitudinal internal muscles have to do with 
the movements of the plates. The same authors discovered 
five large tubular branchim (Stewart’s organs), passing out below 
the “ compasses ” and occupying much vertical space in the am- 
bulacral areas, so that an exaggerated condition of what was 
formerly considered peculiar to the Cidaridse prevails. The outer 
branchise were well drawn by A. Agassiz. The jaws and teeth 
resemble those of Gidaris, but the perignathic girdle has ambu- 
lacra! processes, besides ridges upon the interradia. The want of 
interradial peristomial membrane plates is another important 
character which separates the genera from Qidaris ; and the 
ambulacral plates differ entirely in their method of construction 
from those of that genus, and approach those of the Diadematida 
very slightly. The construction of the apical system is almost 
anomalous. 

It is certainly not correct to state that the alliance of the Echi- 
nothuridse is close with the Palseechinoidea, for there is but 
slight resemblance between the thick-plated forms of Arch^o- 
cidaridse and the group now under consideration. Even those 
genera of the Perischoechinoidea with bevelled plates which 
are all thicker than those of the Echinothuridse, show no evidence 
of defective calcification nor of the presence of interplate, movable 
membrane, andtbe structural characters of Asthenosoma^ for 
instance, are scarcely recognized. A. Agassiz has shown that 
considerable bevelling occurs in some thick-plated spherical 
Mesozoic and recent Echinoidea, and it does not appear to have 
been accompanied by movement and flexibility. PelanecMms of 
the Oolites is tbe earliest known Echinothurid, and it is more 
Eiadematoid than its successors. 

During the Oolitic age there was evidently much variability 
in the structures of the ambulacra of the original Diadematidm, 
and the entrance of the radial plates within the periproctal ring 
was not uncommon. It appears more reasonable to place the 
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EcHnotliiiridiB near tte Diadematidse, granting some atavism^ 
tlian to station tliem at the end of the Palseechinoidea j the 
alliance is with the first group, and the descent was probably not 
through the line of Cidarid^ and Saleniidce. 

The presence of rudimentary internal hrancliise in Diadems, 
according to Ludwig and the Sarasins, is another link with the 
Diadematidse. It is proposed to place tlie Ecliiuotliiirid® in 
a suborder of the Gnathostomes with external branchiae, the 
Streptosomata. 

With regard to the Family DiadematidsB and its 36 fairly- 
defined groups, it may he said that the artificial method of classi- 
fying with the aid of ereniilation and non-crenulation of tubercles 
gives way to the natural method in which the structure of the 
amhiilacral plates is of primary taxonomic importance. Six 
former genera become sub genera, and the recognized genera are 
grouped in 4 very useful Subfamilies (p. 59). 

I. Suborder Streptosomata (p. 25). 

Family Echuxothitbidje, Wj/, Thomson, 1873, Depth of the 
Sea, p. 164; 1874, Fhil, Trans, Boy, Soc, vol. clxiv. pt. 2, 
X, p. 730. A, Agassiz, 1881, Beport on ^ Gliallemger ’ JEJcMni, 
71. Ludwig, 1880, Zeitsclir, fur loiss. Zool. vol. xxxiv. 
P. 4' P* Samsin, 1888, Drc/ehn. Natimv. Borsch cmf Ceylon, 
Bd." i..Heft 3, p. 129. 

Moderate to very large, tumid or very depressed, thin, flexible 
tests. The apical system with the plates usually separated. 
Coronal plates with membranous edges, with imperfect develop- 
ment of the calcareous element, which is highly and openly reti- 
culate and usually thin. Amhulacral plates simple or compound, 
with small plates intercalated in tlie membranous areas, and 
tentacle-bearing, simple, low, perforated plates, within the peri- 
stome, imbricating aclorally. Tentacles triscrial and heteropodouB, 
Interradial plates variable in shape, variably overlapping and 
in the opposite direction, to the amhulacral plates. External 
branchi® small, internal very large. Spheridia may be present. 
A series of internal longitudinal muscles, flaws with a small 
foramen without epiphyses, teeth grooved ; ^ perignathic girdle 
continuous. Spines short, may he sheathed and capped or not 
at the end, hollow and largely cellular within and witli solid wedges 
externally. Epistromal structures often highly developed. 



GEJTEEA AKB GEOTJPS OF THE ECHIFOIBEA. 


41 


Subfamily TelaneeTiininw. 

Syn. FehneeUnidm, Groom, 1887, Quart. Jonrn. GeoL Soc. 
Tol. xliii. p. 703. 

The ambulacra! plates compound above the peristome, those 
near the apes consisting of an adoral primary and sis aboral 
demi-plates ; plates near the ambitus large and pentagonal, with 
the pairs of pores triserial (in three ranks), the demi-plates remotest 
from the ambiilacro-interradial suture, isolated. 

Genus PelanecJiinus. 

S iibf amily JJ e h i n otliu r i n cb. 

Ambulaeral plates above the peristome; abaetinally with a 
single large primary associated with two small deini-plates, which 
are placed in the transverse membranous areas; actinally with 
a primary plate associated with one or usually two demi-plates, 
which are situated in or near the amhiilacro-interradial sutural 
line, or remote and isolated, or arrangement confused. Pairs 
of pores triserial. Plates within the peristome low primaries, 
each w-ith a pair of pores. 

Genus Bchhiothuria. 

Phormosoma. 

AstJienosoma. 

Subfamily Felan ech in in cb (supra). 

Genus Pelafechinus, Keeping^ 1878, Quart, Journ, Qeol. Soe, 
voL xxsiv. p. 924. Grooni^ 1887, ibid. vol. xliii. p. 703. 
(Adapted,) 

Teat large, circular, tumid, depressed, thin, flexible. Apical 
system wanting. ' 

Ambulacra less than half the width of an interradium, still 
broad at the peristome, beyond which they are continued, 
Apicaliy the plates are composed of an adoral primary and tw^o 
aboral demi-plates, and at the ambitus there are nine components, 
three of which are primaries, some demi-plates isolated ; through- 
out the poriferous zones to the peristome, the pairs of pores are 
triserial ; beyond the peristome the ambulaeral plates are simple, 
broad, and perforated, the pair of pores in each obHque, A vertical 
row of plain primary perforated tubercles on either side of the 
median ambulaeral suture. 



42 


PEOP, P. M, BUKCAK’s EETISIOK OP ^HE 


Interradia with numerous coronal plates wbi% are low, broad, 
and imbricating more or less, and with four vertical rows of plain 
primary tubercles at the ambitus, resembling tlidge of tlie ambu- 
lacra, and diminisliing in number and size aetiuallj k]i(i abactinalljs 
some secondary tubercles. \ 

Peristome large ; branchial notches deep. Jaws ibowerful, with 
grooved teeth. Spines small, hollow, Ion git iidin'^ ally striated. 
PedicellarisB small, tridactyie around the peristome, 0 cvpmmiform 
orally, large tridactyie ahorally. 

Fossil, Oolite: England. 

The above generic definition has been taken mainly from Mr. 
Groom’s admirable description of the solitary species. 

Subfamily FcJiinothuHnco (p. 41). 

Genus Eohiivothiieia, 8, P. Woodward, 1863, Geologist, voL vi. 
pp. 327-330. Wright, 1870, Fal, Soc,,Brit. Foss.Fch, Gret, 
Form, p, 124. 

Test large, plates imbricating, in both areas and in opposite 
directions. Apical system wanting. 

Ambulacra wide at the ambitus, narrower towards the peri- 
stome ; plates rather high ; complete overlap of the adoral edge 
of one plate upon the corresponding ahoral edge of the actirially 
placed plate, no space left ; overlap of the outer edges of the 
plates by the interradial plate edges. A pair of pores in a primary 
plate and tvim pairs in small demi-plates in the position of the 
adoral suture. Buccal plates imbricating and perforated, ambu- 
lacral only. Tubercles small and scanty, 

Interradia with larger plates, each in contact througliout its 
breadth with the plate above and actinally, and overlapping in the 
contrary direction to the amhulacral plates. Tubercles rare, not 
large, perforated, the same actinally as dorsally. Spines cylin- 
drical, striated, with a milled ring. Jaws stout. Ornamentation 
scanty, and similar actinally and dorsally. 

Fossil, Upper Cretaceous: England. 

Genus Phobmosoma, Wy. Thomson, 1873, FUh Tram, Moy, Soc. 
voL ckiv. pt. 2, p. 732 (1874). A, Agassis, 1881, Sepori on 
‘ Challenger ’ Echini, p. 91 j Meport on ‘ Blake ^ Ewped. Echini, 
1883, p. 35. 

Test small to large, thin, more or less flexible, tumid or 
depressed dorsally, flat actinally, circular or polygonal in ambital 
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outline ; the structures of the abactinal and actinal surfaces 
differing. Plates numerous, thin, and surrounded by membrane, 
imbricating or" less. 

Apical system star-shaped, large ; plates united by membrane ; 
basals projecting into the interradial median line, separated from 
the radials by periproetal plates and membrane ; madreporite 
large. Periproct with small spine-bearing plates. 

Ambulacra straight, broad ; plates low abactinally, high and 
complicated actinally ; a pair of pores in each plate, and a pair 
in each of the two small accessory plates along the adoral or the 
aaihulacrodnterradial suture ; buccal plates continuous with those 
of the ambulacra, low, broad, pore-penetrated, overlapping. 
Primary tubercles of the iaterporiferous areas few, small, larger 
at the margin, more numerous actinally, perforate, scrobiculate ; 
plates with granules. 

Interradia with numerous low and broad plates, partly hut broadly 
overlapping from below upwards, or connected all along the 
transverse sutures by membrane. Tubercles larger than in the 
ambulacra, smaller and most numerous actinally. 

Peristome moderate, branchial incisions small, external branchi as 
distinct. Perignathic girdle slender. Spines short, longest and 
most numerous actinally, where some are capped with a hoof-shaped 
process, others club-shaped or like long and short needles, striated 
and cylindrical in section, may he sheathed. Pedicellaiiae some 
long and hlunt-headed, others with very open valves, and many 
tridactyle and blunt-headed. Actinal tentacles disciferous, and 
the abactinal are pointed and branchial. 

The plates, especially of the ambulacra, often seem to be split up 
in a remarkable manner. Spheridia may exist. 

Meeeni, Atlantic to Azores; Caribbean Sea, and to the 
H., Japan, Philippines, Sandwich Islands, Low Archipelago, 
E. Pacific, Australia, Juan Fernandez to OhilL 120 to 2750 
fathoms. 

G-enus Asthetosoma, Orube, 1868, JaJiresh, d . ScMes. Ges, /. 
Vaterh Quit. p. 42. A. Agassiz^ 1872, Bedmon, p. 272 ; Mch. 
of ‘ Blake ’ Bxgecl. 1883, p. 29. Ludwig^ 1880, Zeits. f. wiss. 
Zool voL sxxiv. B. ^ B. Barasm^ 1888, Brg. Mat. For. auf 
Ceylon^ Bd. i. Heft 3, p. 129, 

Syn. Galveria^ Wj. Thomson, 1873, Phil. Trans. Eoj. Soc. 
vol. ckiv. pt. 2, p. 737. 
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Test moderate to very large, tumid at the circular or slightly 
polygonal amhitus, swollen, suhhemisplierical or depressed abac- 
tinally, flat actinally; more or less flexible. The calcareous 
deposits of the plates limited, the edges of the plates membranous. 

Apical system central, polygonal, projecting ; the plates sepa- 
rated by membrane, and some anal plates intervening between 
the basal and radial plates. Periproct small : anus projecting*. 

Ambulacra straight, broad at the amhitus; plates very numerous 
and much bent vertically, overlapping from above actinally, and 
overlapped by the ends of the interradial plates ; a pair of pores 
in each plate, and two small plates in the adoral sutural membrane, 
each with a pair of pores. Plates continued from the peristomial 
edge to the mouth, imbricating, each plate broad, low, and pore- 
pierced. Small primary perforate, non-creiiulate, areolated 
primary tubercles, in two or more vertical rows. 

Interradia with numerous broad, low, pistol-shapedplates, united 
by membrane along the transverse edges, and expanded and over- 
lapping at the median line; overlap in the opposite direction to 
that of the ambulacra ; two or more vertical rows of primary 
tubercles resemlfling those of the ambulacra. 

Peristome with small branchial incisions ; internal branchim 
very large and five in number, the external branchim small; 
lower tentacles with prehensile discs, the abactinal pointed and 
branchial. Perignathic girdle weak, but with a decided arch 
between continuous processes. 

J aw^s with a small foramen ; teeth grooved. Spines delicate, hol- 
low, fenestrated, longitudinally striated and ridged, variable in 
length, but never very long ; the secondary spines small, sharp 
and numerous, pointed, some sheathed. Pedicellarim numerous, 
various, triclactyle, foiir-valved, some sharp and otliers blunt- 
ended. 

Meeent. W. Atlantic to coast of Portugal, Plorida, Caribbean 
Sea, China Seas, Jtwa, Philippines, Indian Archipelago, Ceylon, 
Fiji, Few Zealand. Prom 100 to 450 ihthoms, 
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III. 

The Suborder Sfcereosomatu and its Families. The Family Saleiiiiclas and its 
G-eiiera. Family Hemicidaridfc and its Genera. Family Biadematidfe ; its 
Subfamilies and Genera. Genus ineerfcce sedis. Family Gyphosomidm and 
Genera. Family Arbaeiidce and Genera. Family Temnopleuridm ; Subfamilies 
and Genera. 


II. OEBEE. 

II. Suborder Stereosomata (p. 25). 
I. Family SALENiiDiE. 


II. 

J5 

Hemicidarid.®. 

in. 

» 

Aspidodiadematidjs. 

IV. 

>» 

Diadematid^. 

V. 

S3 

Cyphosomid.^. 

VI. 

ss 

Arbaciid.e. 

VII. 

S9 

TEMNOPLEUEIDiE. 

vni. 

3S 

Echinometrid^. 

IX. 

93 

ECHlNIDiE. 


L Family Sal EJN’’ II Sladeii, 1887, Ann, Mar/. 

J^faf. Mist. ser. 5, voL xix. p. 117, 

Eegular ectobraneliiate gnatFostomes, with a persistent dorso- 
central plate or plates ; madreporite in the right anterior basal 
plate. “Ambulacra narrow, the plates numerous, simple low 
primaries, raz^ely in compound plates actinally. Interradial plates 
few and tubercles large. Peristome with branchial incisions and 
external branchite. Perignathic girdle with interradial ridges and 
ambulacral processes united or not. Jaws with the foramina of the 
pyramids unarched by epiphyses ; teeth with a keel Spheridia 
present. Spines very variable, cellular with a solid superficies. 

Division I. 

Gems Peltastes. 

Syn. Hyposaleniaj Pseudosalenia ; Poropeltk 
Siibgenus Goniophorm, 

Genus Saknia, 

Subgenus Meterosalenia. 

Division IL 

Genus Acrosalenia, 

Division I. 

Ambulacral plates simple. 

Genus Peltastes, 183B, Monogr. rfEoh. viv. et fass. 

livr. i. p. 27, pi. V. (non Desor, 1858, Spnopsis^ p. 145). 
Duman ^ ^lade^i^ 1887, Ann. ^ Mag. Mat. Mist. ser. 5, 
vol. xix. pp. 129-132. {Amended) 
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Syn. ^seudosalenia^ Cottean, 1859, Eev. et Mag. de Zool 
¥oI xi. b6t, 2, p, 215. Syposalenia^ Desor, 1858, Synopsis, 
p. 147. Foropeltis^ Quenst., 1858 and 1872“5, Petr. BentscH. 
tab. 69. 

Test small, circular in outline, tumid at the ambitus, depressed 
and slightly tumid abactinally, or tall, and with a part of the 
apical system projecting, actinally rather flatly curved. 

Apical system large, raised slightly, and part of it usually pro- 
jecting, with large basals and small radials ; a small dorso-central 
plate, in the long axis of the system, united to the lateral basals, 
but not touching the posterior basal ; incurved posteriorly for the 
anterior margin of the anus. Eadials large, not within the ring. 
Periproct posterior and bounded in front by the dorso-central 
plate, and posteriorly and laterally by the basals 4, 5, and 1. The 
sutures of the disk often grooved, marked with depressions and 
the prolongation of the ornamentation of the basal and dorso- 
central plates ; these plates have grooves and eminences often 
radiate in arrangement, margins of the basals often variously 
curved and notched. 

Ambulacra narrow, straight or slightly dexuous, -with small 
primary tubercles near the poriferous zone ; plates low primaries 
only. Interradia with large primary tubercles diminishing in 
size above and below' the ambitus, crenulate or not and imper- 
forate. 

Peristome small, rather reentering, slightly incised. Peri- 
gnathic girdle with low broad ridges and slender unarclied pro- 
cesses. 

Fossil. Cretaceous : England. Upper Jurassic and Cretaceous : 
Europe. Cretaceous ; bT. Africa, 

Subgenus Go.morHOEirs (genus), Ayassk, 1838, Mmwf/r, d\lM. 
viv, et foss. iivr. i. p. 30. OoUeau, 1861, Bull, Bog, G-hl 
France^ ser, 2, voL xviii. p. 624. JDimcan and Bladen, 1887, 
Ann. f Wat. Hist vol. xix. pp. 131-132. 

Test small, swollen, subspheroidal, with large peristome, few 
interradial primaries, upon high plates. Apical disk pentagonal, 
with five large basals and five small radials, ornamented with 
linear, raised and straight keels which are not on the lines of the 
sutures ; dorso-central plate large, the periproct posterior to it 
and elongate transversely. Pits for spheridia large in the 
narrow ambulacra actinally. 

Fossil Upper &reensand: England, Europe, F. Africa. 
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G-emis Sahe^tia, Gra^, 1835, Froc. Zool. Boc» Loml pt. 3, p. 58. 
L. Agassiz^ 1838, Monogr. d^Bcli. viv. foss, livr. i. p. 6. 
A, Agassiz^ 18'74, Bemsion of the 'Echini^ p. 258 ; 1883, ~Blmke^ 
Ech: p. 13. Duncan ^ Bladen, 1887, Ann. ^ 3Iag, Wat. 
Eisi. ser. 5, yoL xix. p. 132. (Amended.) 

Test small, subglobose or depressed. Apical system larger 
than the peristome, more or less raised. The dorso-central plate 
more or less geometrical, imperfect, and eroded at the right pos- 
terior angle by the periproctai ring, in contact with all the basals. 
Apical plates ornamented with radiating grooves and ridges. 
Eadial plates large, with the pore in the adoral edge, one plate 
may or may not enter the periproctai ring. Periproct large, with ■ 
a plated membrane pierced by the anal opening. 

Ambulacra narrow, vith two rows of small priaiary tubercles 
and granules ; plates all simple primaries, crowding rare near the 
peristome. Pairs of pores in simple vertical series; tentacles 
suh-homoiopodous . Interradia with large primaries. Tubercles 
of both areas crennlate, or some plain, and imperforate. 

Peristome with cuts for the external branchiae, vath a mem- 
brane plated or not. Perignathic girdle with broad ridges and 
slender ununited processes ; jaws with the foramen of the pyra- 
mid small, nnarched ; teeth with a keel. Spines of primaries 
long, slender, variable in ornamentation ; small spines club-and 
wedge-shaped and flat. Pedicellariae of the three kinds; epistroma 
often much developed. Spheridia exist. 

Fossil. Cretaceous : England, Europe, Asia, North and "West 
Africa. Eocene : Europe, Asia. Miocene : Australia. 

Decent . Caribbean Sea, both of the great Oceans, Japanese 
Sea. Depth from 60 to 1700 fathoms. 

Subgenus Hetebosalehia (genus), Ootieau, 1861, Pal. Era ? ig.y 
Terr. Oret p. 96, pi. 1022. Dmiean ^ Bladen, 1887, Ann, 
^ Mag. Wat. Mist. ser. 5, vol. xix. p. 1B2. 

The primary tubercles are perforated. 

Fossil. Cretaceous: Europe. 

Division II. 

In the second division of the genera of the Family the ambu- 
lacral plates are compound at a short distance from the apical 
system, and the pairs of pores are crowded near the peristome. 
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Genus Aceosalema, 1840, Ech.foss. de la Suisse^ pt. 2, 

p. 38 . Duncan Bladen^ 1887, Ann, ^ Hag. Nat, Hist. 
ser. 5, vol. xix. p. 128. 

Test moderate in size, depressed, tumid at tlie circular and 
rarely pentagonal ambitus, rounded above, flatter actinaliy. 

Apical system ratlier large, four anterior basals large, and tlie 
posterior smallest and differing in shape. A dorso-central plate 
in the antero-posterior axis of the system, in contact with the four 
larger basals and anterior to the periproct. Supplementary plates 
to the dorso-central may occur. Posterior radial plates enter 
the ring of the periproct, rarely a radial separating the antero- 
lateral and postero-lateral basals. Periproct large and posterior. 

Ambulacra narrow, wdtb primary plates near tlie apical system 
and with compound plates near the ambitus and actinaliy. Com- 
pound plates of united primaries with rare demi-plates, except 
near the peristome . Pairs crowded and biserial near the peristome, 
from the presence of demi-plates. Tubercles of the iiiterradia 
largest, perforate and crenulate ; those of the ambulacra much 
smaller, or only as large granules. 

Peristome large, decagonal, with well-developed branchial 
grooves with raised edges. Perignathic girdle with low ridges 
and slender processes sometimes uniting. Spines large and small, 
the former striated longitudinally, or plain, and often not quite 
circular in transverse section ; smaller spines striated. 

Fossil. Lias and Oolites: England and Europe. Lower Creta- 
ceous: N. Africa. 


II. Family IlEMicinABiniE, WrigU, 1857, Fch. 

OoL Form, p. 68. (Amended.) 

Eegular ectobrancHate gnathostomes with the test thick, more 
or less spheroidal, depressed or tall or subeonical Ambulacra 
increasing in width actinaliy j primary tubercles well developed, 
but smaller than those of the interradia, extending or not through- 
out in two vertical rows j pairs of pores in arcs actinaliy where 
the plates are compound. Interradia large, plates few ; tubercles 
very large at the ambitus, variously sized actinaliy and dorsally, 
and may be obsolete there. Serobieules often coalescing. Peri- 
stome decagonal, ambulaeral lips large, branchial incisions well 
developed. Perignathic girdle with interradial ridges and united 



aElfEEA A5TD ^BOOTS OB THE ECHIHOIHEA. 


49 


ambiilacral processes. Jaws large, foramen large, without epi- 
physes ; teeth grooved. Spines often large, variable, and usually 
solid. 

Genus Hemicidaris. 

Subgenus Hemidiadema, 

„ Hypodiadema, 

„ Pseudocidaris, 

„ Asteroeidaris. 

Genus Acroeidaris. 

Subgenus Acropeltis, 

Genus Goniopygus, 

„ Circopeltis, 

,3 Cidaropsis. 

5, Glypficus. 

Genus incertce sedis : Zeptocidaris^ Quenst, 

Genus Hemicidabis, Agassis, 1840, Ech, Foss, de la Same, pt. ii 
p. 42. IJesor, 1858, Gyiiopsis, p. 50. Fimcan^ 1885, Quart, 
Journ. Geol, Soc. vol. sli. p. 436* {Amended,) 

Syn. Tiaris,, Quenst. ; Semipygus^ Etallon (immature). 

Test of moderate size, spheroidal, tall, tumid at and above the 
ambitus, flattish and often broadest actinally. 

Apical system small, either with large united basal plates (or 
some or all radial plates enter the periproctal ring 
Ambulacra narrow, enlarging near the ambitus, projecting or 
not i the plates a multitude of small low primaries near the apical 
system, succeeded by compound plates which may be formed by 
two to four constituents, their arrangement partly “Diadem- 
atoid,” but with additional primary or demi -plates, placed abac- 
tinally to the large tuberculous primary plate. Pairs of pores 
simple abactinally, in arcs near the large tubercles, and crowded 
near the peristome. Tubercles in two vertical rows, perforate 
and crenulate, large to varying distances above the ambitus, 
and then diminishing in size or replaced by granules. 

Iiiterradia broad, with but few high coronal plates, with two 
vertical rows of large, projecting, perforate and crenul at ed primary 
tubercles, larger than those of the ambulacra. Scrobicules usually 
contiguous and incomplete ; secondary tubercles and granules. 

Peristome large and the branchial incisions well developed* 
Pyramids of the jaws with a large incomplete foramen ; teeth 

* Very rare, or probably in subgeneric groups only. 
niJSTK. JOUBl^r* — ZOOIiOGT, YOL. XXIII. 4 
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grooved. Spines large, some needle-shaped, others clnh-shaped 
and longer than the test’s diameter, some knob-ended, others 
forked, longitridiriallj striated, some marked across. 

^^ossiL Zechstein, Alpine Trias, Lias, Oolites, Cretaceous ; 
Europe. Oolites : England. Jurassic, Tithonian, and Cretaceous : 

Africa. 

This important genus has several fairly well marked snbgeiiera 
(formerly genera). It appears that the genns Semipygus^ Etal- 
Ion, 1850, Etudes Pal. Haiit-Jura, siippl. p. 4, relates to small, 
young, and immature Hemipygi. As is usual in Echinoidea only 
4 millim. in height and 8 millim. broad, the apical system is exag- 
gerated in size and the genital perforations are variable* It is 
placed as a synonym of Semicidaris, 

Snbgenus Hemidiadema (genus), Agassiz, 1840, HcJi, Stmse, 
pt. ii. p. 47. Etallon, 1859, Letlima Brunt* p. 326* 

The tubercles of the ambulacra large and few in number below 
the ambitus, alternating distinctly. 

Bossih Oolites and Cretaceous : Europe. 

S, strmioniimi, Agass., is the type ; but ET. rugostm does not 
belong to the genus, it is a Gly^liocy'jylms, Haime. 

Many of the species of the next subgenus have been determined 
from immature specimens ; this is especially the case with the 
St.-Cassiaii forms, 

Suhgeuus Htpodiadema (genus), Besov, 1858 (pars), Bynoysis, 
p. 61. Laaibe, 1865, Be7ihs. Ahad. Wiss* Wien, voh xv. 
p. 295. Zittel, 1879, JBCandh* d. Bah p. 501. 

Ambulacra narrow, straight, with two rows of small, creniilate, 
perforate primaries (?), nearly maintaining their size throughout, 
diminishing but slightly ahactinally . Interradia with large primary 
tubercles, in two vertical rows extending to the apexj plates 
granular beyond the scrobicules. 

Peristome and the branchial incisions small. Spines cylindrical 
and smooth. 

Bossih Oolite : England ? Trias, Oolites, and Cretaceous : 
Europe. 

The Cretaceous species have variable branchial incisions, and in 
one the primary interradial tubercles do not reach the apex. 
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Subgenus Pseueocieaeis, ^talloii (geiins), 1859, Lethma Brunt. 
p* 333. Cotteauy 1882, Bull. Soc. Zool. de France, yoL yH* 
p» 1. JDe Loriol, 1887, Bee. Zool. Suisse, vol. iv. p. 
pi. xv» figs. 2- ‘ 5.’' 

Ambulacra very undulating abactinally, narrow, witb primary 
tubercles only near the peristome, granules elsewhere. Inter- 
radia broad, with few coronal plates, and two vertical rows of. 
large primary tubercles, distant. Spines large, massiye, cylindroid 
or fusiform, or pear-shaped, striated longitudinally or granular. 

Fossil. Oolite and Cretaceous : Europe, E. Africa, Mexico, 

The genus Asteroeidaris, Cotteau, 1859, has all the characters 
of SeTnicidaris, and it appears that the existence of star-shaped 
or triangular bare spaces in the median interradiai areas near 
the projecting basal plates is not of generic importance, Astero- 
eidaris should be placed as a subgenus of Hemicidaris, with the 
following characters : — 

Subgenus Astebocieaius, Cotteau, 1859 (genus), Bev, et Mag. de 
Zool. ser. 2, vol. xi. p. 159. 

Apical system large, with basal plates projecting adoraily into 
a bare median interradiai space ; interradiai plates ten or less in 
number in each vertical series. 

Fossil. Europe. 


Genus Aceocieakis, Agassk, 1840, Foh. Foss, de la Suisse, pt. ii 
p. 10. JDesor, 1858, Synopsis, p. 83. 

Test large, tumid at the ambitus, and subconical or spheroidal 
dorsally, flat actinally. 

Apical system small, some or all of the basal plates with a 
large perforate tubercle, the madreporite large. Periproct large. 

Ambulacra straight, broad at the ambitus, with two vertical 
rows of large perforated primary tubercles, slightly smaller than 
those of the iuterradia, and extending to the apex ; pairs of pores 
uniserial and in simple series near the apex, in arcs of from four 
to seven pairs near the larger tubercles, crowded and polyserial 
actinally ; plates diadematoid,” with some additional components; 
sutural lines as grooves on the flanks of the tubercles. 

Iuterradia with two vertical rows of large primary tubercles, 
only the largest being perforate and crenulated. 


4^ 
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Peristome large, braiicliial incisions well developed. Spines 
cylindrical, smootli or finely striated, often tricariiiate at tlie top. 
Fossil Oolitic: Europe and K Africa. Cretaceous: Europe. 

Subgenus Acropeltis, Agass, (genus), 1840, Gatal. Sijst, Fcti/p, 
p. 19 ; EcJi. Foss, de la Swisse, pt. ii. p. 27. 

Tbe primary tubercles of all tbe areas are imperforate and 
nncrenulate ; tbe largest tubercles are actinal. 

Fossil Oolite: Europe. 

The type of A. concioina, Merian, figured by Cotteau, 1861, 
Eev. et Mag, de Zool. voL xiii. p. 76, is immature, it being only 
1 milliiii. liigli and 2 millim. broad. Hence tbe large dorso-central 
system. 


<xemis &OHIOPTG-IIS, Agass. 1838, Momgr. d^FcJi, viv. ei foss. 
livr. i. p. 19. De Zoriol, 1887, Famie Qret. du Fortug., 'Eolu 
fasc. L p. 55. 

Test small j depressed, bemispberical dorsally, circular in out- 
line at tbe tumid ambitus, broader than bigb. 

Apical system large and stout, tbe prominent basal plates 
close, polygonal, and angular adorally or almost square j sutures 
dentated, perforated, or otherwise ornamented ; periproctal 
edges in ridges and notched; periproct small, triangular or 
square, and may be circular in outline ; radial plates remote 
from tbe periproct, pentagonal and wide actinaliy, variously 
ornamented. 

Ambulacra narrow, with two vertical rows of j^rimarj plain 
tubercles, smaller than those of tbe interradia, wbicb are large, 
plain, and in two vertical rows. Pairs of pores in simple primary 
plates abactinally, but near tbe tubercles o£ tbe actinal surlace 
tbe plates are triple compounds, there being an ad oral demb 
plate, a median primary, large, and an aboral primary ; the 
sutures are convex towards tbe tubercle. 

Peristome very large, with small branchial incisions. Spines 
small, club-shaped, striated or not. 

Fossil Cretaceous : Europe, Africa, Asia. Eocene : 
Europe. 
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Tlie genus Circo^eltis originated with M, Pomel, 1883, hut Ms 
definition was not a positive one ; he compared it with Leiosoma. 
M. de Loriol has, however, shown that the genus is not related 
to Leiosoma but to Gonio^ygus, 

Grenus Ciecopeltis, Pomel, 1883, Theses Class. Method. Tek 
(Alger) p. 89. Te Loriol^ 1887, Tmm. Orit. clu Toriug,^ 
Eeli. fasc. i. p. 55, pi. ix. fig. 7. 

Test small, subliemispherical, depressed dorsallj, flat actinally. 
Interradial plates few (8-9). 

Apical system solid, with or without radial plates entering the 
periproctal ring ; periproct large and subcircular. 

Ambulacra straight, expanding near the large tubercles, broad 
at the peristome, the iiiterporiferous area with primary tubercles 
in two vertical rows, large at the ambitus, and smaller actinally, 
and snialle>t and distant abactinally, all are plain; poriftrrous 
zones with uniserial pairs of pores abactinally, in sligh.t arcs near 
the large tubercles, and slightly crowded actinally ; plates low, 
broad, simple primaries abactinally, compound at the ambitus and 
actinally, the adoral component a demi-plate and its pair of pores 
much neai'er the median line than the other pairs, excluded from 
the ambulacro-interradial suture. The other components long ; 
low primaries with an occasional demi-plate, 

Interradia wifh two vertical rows of plain primary tubercles, 
largest at the ambitus ; rows of secondary tubercles and granules. 

Peristome moderate, with branchial incisions. 

Fossil. Cretaceous: Europe, N. Africa (?). 

The compound ambulacral plates are not without an affinity 
with those of the Teceni AsjpidodiademafA. Agass. 

Genus Cibaeopsis, Oottem, 1860 (reference not to be found). 

1882, Fah Franf.f Terr. Jura, livr. Ivi. p. 133, pis. 376, 377. 

Test moderate and rather small in size, swollen above and 
almost flat below, circular in outline at the ambitus. 

Apical system solid and moderately developed. 

Ambulacra subflexuous abactinally, enlarging at the ambitus, 
having small primary tubercles actinally which are smaller than 
those of the interradia, perforate and crenulate. Towards the 
apex the tubercles are replaced by granules. Poriferous zones 
undulating, with simple pores, close, and they multiply near the 
peristome. 
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Interradia broad, with few plates and two rows of large primary 
tubercles, perforate, iion-crennlate and distant, with projecting 
scrobicnles. 

Peristome large, subdecagonal, and with large branchial in- 
cisions. Periproct subcircular. Spines large and glandiform. 

Europe: Jurassic formation. 

Cotteau places the genus close to JSemipedma ; but it appears 
to be nearer Semicidaris. 

Genus Glyptichs, Agassiz^ 1840, JEJcfi. Mss. de la Suisse, pt. ii. 
p. 95. Besor, 1858, Synopsis, p. 95. Gotteaio, 1880-85, Bal. 
Frmig., Fell. Terr. Jura, pi. 418. 

Test moderate in size, thick, subhemispherical, flat actinally. 

Apical system large, slightly raised, thebasals in contact, stout, 
sculptured ; the sutures depressed, pitted more or less ; the radial 
plates large, between the outer part of basals as broad as they , 
are, pentagonal, broad and re-enteringly curved adoraliy. Peri- 
proct elliptical, or pentagonal with a raised rim, small. 

Ambulacra straight, narrow, except at the peristome, where 
tlie poriferous zones are expanded. Poriferous zones straight, * 
narrow, sunken ; pairs in compound plates usually triplets, poly- 
serial at the peristome; two vertical rows of small, smooth, 
primary tubercles, the mamelons confounded with the bosses, im- 
perforate and non-erenulate, pass to the apex from the peristome, 
close to the poriferous zones ; or the tubercles may be replaced 
above the ambitus by elongate smooth elevations of the plates 
placed irregularly or not. Epistroma much developed. 

Interradia with large primaries resembling those of the ambu- 
lacra at the ambitus and actinally, but with warty or irregularly 
elongate elevations, with or without secondary tubercles, abacti- 
nally ; granules and secondary tubercles exist. 

Peristome large, decagonal, often deformed and longer in the 
antero-posterior direction than across, the branchial incisions 
well developed, and a notch at the ambnlacral median line also. 

MbsU. Oolite : England, Europe, and N. Africa. 
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IncertcB sedis. 

Genus Leptocidaris, Quenstedt, 1858, Der Jura, pL 90. fig. 10 ; 
and 1874, Jefr. Deutsch, p. 282, tab. 69. figs. 71. 

Test spheroidal; the ambulacra moderate and straight; the pores 
are in arcs of triple pairs, and each eompoand plate is large, higher 
than an interradial plate, and alternately broad and narrow ; small 
perforated primary tubercles on alternate plates, or more distant. 

The ambulacral plates have each a large adoral primary com- 
ponent, which carries the tubercle and a middle and aboral demi- 
plate. 

Interradial plates low and broad. 

Fossil Jurassic: Europe. 

The description is taken from that mine of wealth, Quenstedt’s 
Petrefact. Deutschlands, Leipzig, 1874. The type is £• triceps, 
Quenst. 

In the Eeport on the Echini of the ‘ Challenger ’ and ‘ Blake ’ 
Expeditions A. Agassiz described species of Aspidodiadema, a 
genus which he defined comparatively rather than positively. He 
* gave his usual careful opinions regarding the affinities of the 
genus, and noticed how it links together the Cidaridm and Dia- 
dematidse. The descriptions of the species and the figures which 
illustrate them are so clear and definite that all the taxonomic 
difficulties surrounding them are really seized at a glance. A 
palsenntologist would hardly hesitate to add Remiciiaris to the 
list of allied genera ; and any naturalist who has studied the 
ancient and modern faunas would say that there is a wonderful 
union of almost excessive modern characters, and others charac» 
teristic of deep-sea dwellers, combined with the Hemicidaridean, 
accompanied by a Cidaroid ambulacral structure. 

The paucity of interradial plates, each with a large perforate 
and crenulate tubercle, associated with brancliial peristomial in- 
, cisions, and without imbricating ambulacral and interradial buccal 
plates, there being only ten huge simple buccal plates, the am- 
bulacral plates being lew simple primaries, with or without large 
primary tubercles, may be said to be a jumble of characters which 
will prevent the forms being classified with the families Hemici- 
daridse and Diadematidse, It is proposed to form a family for 
the genus. 
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III. Family ASPIHODIABEMATIDiE. 

Diadematoidoa with spheroidal tests, having a large, narrow, 
ringed apical system formed by broad basals and broad inter- 
vening radial plates ; having few interradial plates, each Avitli a 
large primary perforate and crenulate tubercle ; straight ainbu- 
laera with numerous low primary plates with or without primary 
tubercles; pairs of pores, one in each plate in straight vertical 
series. Peristome incised; branchiie bifid, and with ton very 
large buccal plates ; tentacles heteropodous. Spines hollow and 
striated, verticillate. 

The generic definition given by A. Agassiz of Aspidodiadema 
is very comparative, and we therefore venture to give a positive 
diagnosis founded upon the study of the species w’hieh have been 
so admirably described and figured in the Eeports on the ‘ Oiial- 
lenger ’ and Blake ’ EcMnoidea 

Genus Aspidodiadema, A, Agamz^ 1879, 'Broo. Amer, Acad. 
vol. xiv. p. 199 ; 1881, Be^port on ^ Challenger ’ Bchini, p. 64 ; 
1883, Beport on ^ JBlahe ’ Echini, p. 24. 

Syn. Plesiodiadema, Pomel, 1883, non Duncan. (Adapted.) 

Test moderately large, tali, spheroidal, thin ; interradial coronal 
plates few in number. 

Apical system large, the narrow ring of plates composed of 
broad basals and of wide intervening included radial plates ; the 
periproct large, the membrane with few or numerous radiating 
plates, some united and reaching from the ring to the anus, which 
may be tubular. 

Ambulacra broad, with a few large primary perforated and 
creiiulated tubercles sometimes reaching above the ambitus, and 
with smaller tubercles or granules abaetinally, or witli only small 
tubercles and loose granules throughout. The ptiirs of pores are 
numerous, in simple vertical series, and the plates are simple and 
low broad primaries. Tentacles heteropodous. 

The interradia have two vertical rows of large primary perfo- 

^ The fact that A, ‘miorottiherculatim, A. -Ag., has small tubercles on its 
anibiulacra must not be forgotten ; but at the same time it must bo remerabered 
that all the other generic characters are the same as those of the other species. 
It is hardly worth while, therefore, to disturb the genus, as has been attempted 
by a naturalist who has not seen the forms. 
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rated and creniilated tubercles, and with expanded bases, largest 
at and above tbe ambitus. 

Peristome smaller than tbe apical system, with small branchial 
incisions and bifid branchiae ; ten very large spined buccal plates* 
Teeth grooved. Spheridia large and extending high up on the 
ambulacra. Spines hollow, verticillate, straight and curved, some 
large and very long, others similar and small. Pedicellarise various, 
some with large glands upon the stem. 

Becent. Caribbean Sea, 95-1200 fms. ; R. part of the South 
Atlantic, and also the Chili coast, 356-2225 fms. ; Philippine Sea, 
100-1700 fms. 

The Pamily Diadematidse was well formulated by Cotteau and 
Wright, and tlie arrangement of the genera, by the existence 
or not of crenulation and perforation of the primary tubercles, 
has been very popular and nseful ; but it is too artificial, for 
the physiological importance of the superficial structures of the 
tubercles is exceedingly small. Careful consideration proves 
that many genera have been placed in the Family which 
can hardly remain, and they have now found places in the 
Families of Hemicidaridm, TemnopleuridsB, Arbaciid©, and 
Cyphosomatidje. 

Many genera have been introduced since Cotteau founded the 
Family, and it is now faiidy homogeneous, if they are arranged 
with their fellows on the principle of the structures of the ambu- 
lacra being considered of primary taxonomic importance. It is 
the group of genera which is characterized by having numerous 
small tubercles placed actinally and at the ambitus, but then 
ceasing more or less, which has given muc*h trouble. Such genera 
are Godlopsis, Gymnodiadema, JPUstopIiyma, and Bolycjplius. 
Again, Orthopsis audits allies are difficult to classify upon the old 
lines of tbe value of crenulation and perforation. It may be 
stated, as a general truth, that if these genera be classified by the 
ornamentation of the tubercles, groups possessing very diverse 
ambulacra will be associated. 

The Family separates by the new method into subfamilies. 

A most unfortunate decision of Desor’s has made palasonto- 
logists and students of the recent fauna look upon some of the 
most important species of one genus in a very diflerent light. 
Fesor introduced the genus Pseudodiadema to take the place of 
fossil JDiadmnm. The only distinctions between the recent genus 



58 


PEGS’. P. M. BOTCAk’s BEYIStOISr OP THE 


and tlie one founded by Desor, wbicli in tlie first instance was 
called by the same name as the recent forms {Bladema by Q-raj), 
are that there is no verticillation of the longitudinally striated 
spinevS of Fseiulodiachmaj and the spines are solid in the fossil, 
hollow ill the recent form. These are possibly specific characters 
at the most, and hence one of the first steps in a revision 
must be the elimination of Fseudodiadema, with its host of 
species. 


IV. Family DiABEMATiDiE 

Eegular ectohranchiate gnathostomes, with or vrithout rudiments 
of internal branchiae, with highly ornamented, tumid, depressed, 
or spliei’oidal tests ; with a well-developed dorso-central system, 
often with a tubular anal orifice j with the madreporite in tlie 
right anterior basal. 

Ambulacra moderately broad or narrow, straight, flush or tumid, 
with vertical rows of jprimary tubercles resembling the interradial 
hut usually smaller ; pairs of pores either in simple series, or in 
arcs, or in two or more vertical series ; the plates compound near 
the ambitus and actinally, low and numerous ; the median com- 
ponent carrying the tubercle and reaching tlie median line, and 
therefore a large primary plate, and the adoral and aboral plates 
of the compound low, broad primaries, smaller than the median 
plate and having their sutural lines curved towards the tubercle 
of the median component ; demi-plates rarely exist. 

Interradia broad, with numerous low plates, with vertical rows 
of primary tubercles, and sometimes with more than one horizontal 
row of them on a plate; vertical rows varying in number, dirai- 
iiishing dorsallj ; tubercles resembling those of the ambulacra, 
but usually larger. 

Peristome large, polygonal, with branchial incisions. Pori- 
gnathic girdle continuous ; processes arched and tlie ridges low. 
Jaws without a closed pyramidal foramen ; tooth grooved. Ten- 
tacles heteropodous. Spheridia present. Spines variable, sliort 
or long, hollow, striated and grooved longitudinally, verticillate 
or noti (solid from fossilization). 

^ The definition is an amendment of Grmy, 1835 ; Pefcors, Abhandl. d, konigi 
Akad. d. Wiss. Berlin, read 1863, published 1865, p. 106 ; A. Agassi^?, 18T4. 
For morphology see Quart. lourn. Q-eol. Soc. 1885, p. 419, Joum. Binn. Boc. 
. toL xix. 1885, pp. 95 and 201. Also P. and F. Sarasin, Ergebn. Natnrw. Forsch. 
,anf Ceylon, 188A~6, puhMshedT887»' Bd. i. Heft 1, pp^ 1^17. 
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I. Subfamily Biadematincd, Ambulacral plates compound, near 
tlie ambitus ; the pairs of pores in simple -vertical series or in 
arcs of threes. 


L 

Genus Diadema (syn. Pseudodiadema). 



Subgenera CentrostepJianus, Microdiademat 

Diademopsis^ 


Hemipedina, EcMnodiadema, 


IL 

Genus Placodiadema (syn. Plesiodiadema). 


III. 

„ Heterodiadema, 


IV. 

„ Codiopsis. 


V. 

„ Pleurodiadema, 


VL 

„ Magnosia, 


vn. 

„ Coitaldia. 


II. Subfamily DiplopodiintB. Ambulacral plates 

compound ; 


pairs of pores biserial. 


L 

Genus Diplopodia. 


IL 

„ Pedinopsis, 


III. 

j, Acanthe chinas. 


IV. 

„ Phymechmus. 


V. 

„ Asteropsis, 


VL 

„ Diplotagma. 


VIL 

s, Micropyga. 


VIII. 

„ Plistophyma. 


III. Subfamily Eedinincs. Ambulacral plates compound ; pairs 


of pores triserial. 


1 . 

Genus Pedina, 



Subgeniis Pseudopedina. 


IL 

Genus Eckinopedina. 


III. 

5, Stomechinus, 


IV. 

„ Micropedim* 


V. 

„ tleteroddaris. 


VL 

„ Echmothriw. 


VIL 

„ Astropyga. 


VIIL 

,, Polycyphus, 


IX. 

„ CodecMnm, 



IV. SuMamily Orthopsinm, Ambulacra with simple primary 
plates ; pairs of pores in simple series. 

L Genus Ortfiopsis* 

XL 5, Modiadema, 

III. „ Peronia. 

IV. 5, EcMnopsis. 

V. Gymnodiadema, 


Genus incertse sedis. Progmechinm. 
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I. SxiMamilj Diad^ematinm (p. 59). 

Genus Diabema, Scbynvoet, 1711, Tlie^. Imag. Fisc. p. 2^ 
pL*:xiY. Gray^ 1825, Ann, Phil. voL xxvi. p. 42G. Peters^ 
185i], Ahliandl. k, Akad. Wiss. Berlin (1.854), p, 107. BohnAie, 
18G5, Archivjilr HaUcrg.Yol. xxxi. p. 025. A. ylgass. 1874, 
Bei'ision, p. 274. Duncan ^ Bladen^ 1885, Journ. Linn. Boo, 
{Zool.)^\o\, xix. p. 95. Zoven, 1887, 07i Bpecies ofBeJi. dose, h/ 
Lhmoeus^ BUia^ig tillK. Bvensha Yet.-Alcail. Handl. Bel. xiii. 
Afd. iv. No. 5, pp. 125-137. Baradn^ P. cf J71, 1887, 
Brgeln. JYaturw. L'orscJi. auf Ceylon, Bd. i. lie ft 1, pp. 1-17. 

Syn. Pseudodiadema,DQ^ov y Teh'agram^na, Agass. j llehertia, 
Mich. 

Test thin, moderate in size, circular or slightly polygonal in 
tumid marginal outline, wider tBaii liigh, rather depressed. 

Apical system sunken or not, large ; basal plates large, with a 
long outer angle and large duct-perforation ; radial plates small 
and some may enter the periproctal ring, Periproct large, with a 
thin membrane furnished with a few plates near the ring. Anal 
orifice at the end of a tube. 

Ambulacra straight, narrow, often projecting ; pairs of pores 
in simple series in arcs ; plates compound, each with a middle 
broad primary component carrying a tubercle and occupying 
much of the median sutural edge, having a long low primary 
above and below and occupying but little of the median sutural 
edge, the edges of tliese plates curved, convexity towards the 
base of the tubercle on the middle plate. Two vertical rows of 
small, primary, crenulate and perforate tubercles extending from 
peristome to apex. 

Interradia with a bare median space near the apex or not ; 
coronal plates long and low. Pidmary tubercles iu two or more 
rows, resembling those of the ambulacra iu structure, but larger ; 
secondary tubercles and granules on the flanks of the scrobicuies. 

Peristome large, decagonal ; branchial incisiouB with tags.’^ 
Actinal membrane thin, but sliglitly plated. Perignathie girdle 
with well-developed ridges ; processes united and rather tall, a 
projection of the test beyond the ridges into the peristome. Jaws 
large ; pyramids with a tall foramen open above ; teeth grooved. 
Eye-spots numerous. Spines long, hollow, closely verticillate, 
striated longitudinally, milled ring prominent. 

Fossil, Lias, Oolites, Cretaceous : England, Europe, N. Africa, 
Egypt, Asia, N. America. Eocene Europe. 
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Beceni, Caribbean Sea, Cape Verd, Indian Ocean, Eed Sea, 
J apan, Pacific Ocean, W. coast of Central America. 

Siibgenus Oenteostephanxts, Peters^ 1853 (genus), All* d* h. 
Alcad, d. Wiss, JBerlin^ 1854, pub. 1855, p. 109 (note). A, 
Agass. 1874, Bevismi, p. 409. JDmean^ 1885, Joim, Linn, 
Bog, (Zool.), vol. xix. p. 110. 

Sjii. Pcliinodiadema^ Verr. ; TricJiodiadema, A. Agass. 

Test thick, large or moderate, globular or depressed, circular 
at the tumid ambitus. 

Apical system with basal plates separated by small, rectangular 
periproctal plates, and by radial plates also. Periproct with 
minute plates. Anal opening small. 

Ambulacra with two rows of tubercles and the plates as in 
Piadema^ but the poriferous zones may be sunken. 

Interradia twice as broad as the ambulacra ; four vertical rows 
of perforate and crennlate tubercles, two rows being more pro- 
minent than the others, all subequal ; median space ill-defined. 

Actinal membrane of the incised decagonal peristome -with ten 
large plates carrying spines, pedicellariiB, and tentacles. Spines 
hollow, thin, very verticillate and striated longitudinally, long and 
slender, some small and club-shaped. 

Becent. Mediterranean, Canaries, Australia, New Caledonia, 
W. coast of Central America. 

Former genus Pseudodiadema, Desor, 1858, Synopsis, p. 63, pars, 
Duncan, 1885, Quart, Journ, Geol, Soc, vol. xli. p. 430. Cotteau, 
1864, Rev, et Mag, de Zool, 2 ser, vol. xvi. p. 288. (Now Diadema.) 

Syn. Tetragramma, Agass. ; Hebertia, Mich. 

Test small and moderate in size, thin, tumid at tlie circular ambitus> 
swollen to subconical dorsally, depressed, flat or re-entering actinally. 

Apical system small, ornamented ; the periproct circular or somewhat 
elongate, and even unsym metrical ; basal plates narrow ; radial plates 
small, equal or unequal, and some may enter the periproctal ring ; the 
pore close to the adoral edge j madreporite distinct and in the right anterior 
basal plate. 

Ambulacra much narrower than the interradia; plates as single low 
primaries near the apex and soon becoming compound, the central com- 
ponent with the tubercle, a primary, and the adoral and aboral constituents 
also primaries, their sutures curved, convexity tow^ards the tubercle ; some- 
times a demi-plate near the peristome. Pairs of pores in simple straight 
series near the apex and in the same towards the ambitus, or in slight arcs 
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of triplets sHglitly crowded near the peristome ; primary tubercles in two 
rows, perforate and crermlate, fairly developed. 

Interradia wide, with two or more vertical rows of primary tubercles, 
larger tliaii those of the ambulacra, and otherwise similar; secondary 
tubercles may exist with or without a distinct and often crowded granu* 
latiom Some diminution in the size of the tubercles and of the number of 
vertical rows may occur dorsally. 

Peristome moderate, nearly flush or iucurved^ decagonal, with large 
branchial incisions, having a raised edge. Jaw^s well developed, with a 
large foramen, without epiphyses ; teeth grooved ; perignathic girdle conti- 
nuous. Spines variable in size, short, or longer than the diameter of the 
test, striated longitudinally, finely tapering, cylindrical pointed (solid, and 
this condition is due to fossilization). 

Fossil Lias, Oolites, Cretaceous : England, Europe, N. Africa, Egypt, 
Asia, N. America; probably Eocene, Europe {Behertia), 

The alliance of Microdiadema, Diademopsis, Bemipedma^ and Bchino- 
diadema (Cott.) with the old genus Pseudodiadema is evident. The im- 
perforation and non-crcnulation, or the reverse conditions, of primary 
tubercles are insufficient to define and limit genera, Now all these genera®’ 
are placed as subgenera with Psmdodmdma, which is synonymous with 
Diadema* 

Subgeuus Mioeohiabema, Ootfeau, 1863 (genus), Bev. et 
de Zool. ser. 2, voi, xv. p. 225. 

Test small, swollen and hemispherical abactiiially, re-entering 
actinally. 

Apical system solid, narrow, projecting, granular. 

Ambulacra with the pairs of pores in simple vertical series ; 
arrangement of plates “ diadematoid.” Inter poriferous areas 
with small, almost uniform, perforate and crenulato, scrobiculate 
primary tubercles in several vertical rows. 

Interradia with primary tubercles resembling those of the 
ambulacra in several vertical rows. 

Peristome large, subcircular or decagonal, with well-developed 
branchial incisions. 

Mssih Lias: Europe. 

Subgenus Diadekopsis, Desor, 1858 (genus), Spmpsis^ p. 79. 
Qofteau, 1864, Bev. et Mag, de Zool* sor. 2, vol. xvi. p. 212. 

Test moderate and small, depressed, but subconical above the 
tumid ambital outline. Coronalplates low and numerous. 

Apical system large ; madreporite and the basals large ; radial 
plates between the basals, but excluded from the periproct. 
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Ambulacra narrow, with very small perforate and plain primary 
tubercles in two rows ; pairs of pores in simple vertical series, 
rarely, but sometimes, crowded at the peristome ; plates low, 
simple primaries near tlie apical system, and compound elsewhere ; 
the adoral constituent a small primary with its aboral suture 
convex ; the median plate a large primary, and the aboral plate 
a low primary with the adoral suture convex (diadematoid). 

Interradia with four vertical rows of small perforate, plain, 
primary tubercles, without scrobicules, rather larger thau those 
of the ambulacra ; the outer vertical rows reach up furthest ab- 
actinallj, and hence a granular median area. 

Peristome large, branchial grooves moderate. Spines longer 
than the diameter of the test, very delicate and slender, sharp, 
striated longitndioally, solid. 

Mssil. Infra-Lias and Lias : England and Europe. 

Etallon remarked long since npon the slight value of the 
genus Ilemvpedina and noticed that crennlation of the tubercles 
is sometimes visible on some portions of a test. Hence the plain 
condition is in this, as in other groups of forms, not of generic 
value. It is not possible to separate Seinijpedina from Biadema 
generically, but the species formerly associated with it form a 
somewhat natural series, and may enter a subgenus. 

Subgenus Hemipebika, Wright, 1855 (genus), FaL Soa. Monogr.^ 
JEcJu Foss. Oolit. Form, p, 143. A. Agassiz, 1872-74, Be’- 
vision, p. 291. Duncan, 1885, Quart. Joimi. GeoL Soc, 
vol. xli. p. 42, Ddderlein, 1886, Wiegm. AreJiiv, Heft i. p. 96* 

Test moderate in size or small, circular or slightly pentagonal 
at the tumid ambitus, flat actinallj, depressed, tumid, or sub- 
couical dorsaliy. Coronal plates numerous. 

Apical disk large, with large united basal plates. 

Ambulacra narrow, straight ; pairs of pores in straight series or 
ill arcs of three ; simple primary plates near the apex, compound 
plates elsewhere as in Biadema ; tubercles in tw^o vertical rows 
perforate and not erenulate; secondary tubercles exist and 
granules. 

Interradia large, and with from two to six vertical rows of 
small primary tubercles, hut larger than those of the ambulacra, 
only the outer rows reach the apex, perforate, and some may be 
crenulated. Median area often bare or granular near the apex ; 
secondary tubercles form rows near the ambulacra. 
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Peristome moderatej decagonal, and with rather deep branchial 
incisions; ten buccal plates upon the periatomial membrane. 
Spines long and slender, needle-shaped, Ion git udin ally striated, 

Wossil. Lias and Oolites : -England, Europe. Cretaceous : 
Europe. 

Mecent. Caribbean Sea, 138-270 fms. ; Sigambai, J apan. 

Subgenus Echikodiadema, Qotteau^ 1869 (genus), IUd, et Mag, 
de Zooh ser. 2, yoL xxi. p. 238, pi. xli. (no7i Ve?TlU). 

Test small, subconical. Ambulacra with undulating or straight 
poriferous zones ; three pairs of pores directly superimposed to a 
compound plate, forming arcs actinally ; arrangement “ diade- 
matoid.’^ Amhulacrai and interradiai tubercles nearly equal, 
plain, most numerous and largest actinally; each interradiai 
tubercle corresponding to a swelling of a plate* Granulation 
distinct and distant, considerable. 

Peristome large, subcircular, with branchial incisions. 

Fossil. Oolite: Europe. 

Genus Placobiaiiema, Dmcan. 

Syn. Flesiodiadema^ Dune, (non Poinel), 1885, Quart. Journ. 
Geol, Soc. vol. sli. p. 433, fig. viii. De Loriol, 1887, Eaune Cret. 
du Portugal, Ech. fasc. i. p. 31. 

Test of moderate size, depressed, circular in marginal outline, 
tumid dorsally and flatter actinally* 

Apical system small, compact, the five basal plates and five 
radial plates all perforated. 

Ambulacra moderately broad, the poriferous zones mtli nu- 
merous pairs of pores in simple vertical series or somewhat 
arched; plates high, compound, made up of from four to six 
component primary plates, the sutures curved, with their con- 
vexities towards the centres of the plates, the second component 
from the adoral suture of the compound plate being the largest 
primary component; a pair of pores to a component plate. 
Interporiferous areas with two vertical rows of small primary 
tubercles, perforate and crenulate. 

Interradia wider than the ambulacra, with two or more rows 
of primary tubercles, resembling those of the ambulacra. Peri- 
stome decagonal, moderate, and with branchial incisions. Spines 
striated, moderately long, hollow (see specimen in Brit. Mus.)* 

FossiL Oolite: Europe. Cretaceous : England and Europe. 
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G"enu{3 Heteeodiabema, Ooticau^ 1862, Mex. et Mag, ie ZooL 
ser. 2, voL siv. p. 200. De Loriol, 1887, Fmine Oret, da 
Fo7dug., Ech, fasc. i. p. 44. (See Fseudodiadema {Iletero- 
diadema) Psexido-Boit'i'get^ Cott. Pal. Prane., Terr. Cret. yoL 
vii. pi. 1097.) {Amended,) 

Sjn. LorioUa^ Feumayr,lSSl,Zeits. d. deiitseh. geol. Gesellscli. 
Bd. xxxiii. p. 571 ; Colpotiara, Pomel. 

Test moderate, circular in tumid amLital outline, siibcoiiical, 
swollen but depressed abactinaily, convex and rarely flat actinally. 

Apical system long, and wlien absent leaving a large scar wMeli 
intrudes a considerable distance into the depressed posterior 
interradium. When present, the madreporite is large and 
passes from the right anterior basal plate to the centre of the 
system and pushes backwards the periproct, which is bounded 
by the postero-Iateral basal plates and the postero-lateral radial 
plates and one or two interradial plates. Moreover, the antero- 
lateral radial plates separate tbe pairs of basal plates, and either 
touch the madreporite, or come into the periproctal ring ; fifth 
basal plate absent. 

Ambulacra with straight, narrow poriferous zones; the pairs 
of pores in simple series, except actinally, where there is some 
doubling ; plates compound (diadematoid). Tubercles of both areas 
in vertical rows, moderate in size, very equal, perforate and cre- 
iiulated. Peristome flush, decagonal, with branchial incisions. 

Fossil. Cretaceous ; Europe, IST, Africa, Asia (Syria). 

Genus ConiOESis, Agassiz, 1840, Cat* Sgst* Ectgp* Felt* Foss. 
p. 19. I)eso7\ 1858, Sgnopsis, p. 112. Fe Loriol, 1887, Fame 
Cret* du Fortiig., Ech. fasc. i. p. 57, pL ix. {Amended.) 

Test moderate, swollen, high, often nearly globular, circular or 
pentagonal in marginal outline ; coronal plates numerous, high. 

Apical system small, solid. 

Ambulacra straight, narrow ; pairs of pores uniserial, in very 
slight arcs ; the plates low primaries, but near the peristome they 
are compound, tbe middle component a large primary, and the 
ahoral and adoral components demi-plates. Primary tubercles of 
both areas small, smooth, nearly equal in size, and only occumrig 
actinally and for a short distance towards the ambitus, a granu- 
lation being elsewhere. Peristome pentagonal, small, with slight 
branchial incisions. 

Desor states that the primary tubercles are perforate, but they 
are not so in available specimens. 

Fossil* Cretaceous: .Europe, N. Africa, Egypt. 

ZOOLOGY, YOL. XXITT. ' 5 
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(jeniis Pleuroetabema, De Lorlol, 1S70, .Eali. Ildv, Jura, p. 196 ; 
(tni 18S5, 3£vm, Eoc. JaL Sidsse, Geneve, p. IS. 

Test of moderate size, more or less swollen above and fiat below. 

Apical system well developed, flusb, compact. 

AB'ibulacra narrow at the apex, with some projecting, imper- 
forate, smooth or slightly crenulate tubercles 011 the actiiial siiP” 
face only, the rest graniiiar. Poriferous zones straight ; pairs of 
pores in simple series, directly superimposed , and separated by 
small liorizontal costm, wdiicb are raised, distinct and stout, 
especially actinally, and are prolonged to the iiiterradial tU“ 
hercles. 

Interradia actinally and at the ambitus with two rows of wide- 
apart, projecting tubercles with large mamelons, without scrohi- 
cules, and imperforate, slightly crenulate. Very small tubercles 
abactinally, secondary tubercles absent. 

Peristome decagonal, wdth everted edges ; branchial cuts small. 

Fossil Jurassic : Europe. 

Genus Maotosta, Michelin, 1858, Bev. et Mag. de Zool. ser. 2, 
vol. V. p. 34. Fesor, 1858, Sgnogsis, p. 115. Fe Lotiol, 
1887, Fcmne Gref, du Fortug., Ecli. fasc. i. p. 59. 

Test small or moderate, circular at the tumid ambital outline, 
siibhemisplierical dorsally, or depressed, concave actinally. Co- 
ronal plates numerous, low. 

Apical system small ; periproeb small. 

Ambulacra narrow except actinally, where they are broad ; 
pairs of pores in simple straight series, barely in slight arcs of 
triplets, but near the peristome tliey become close and polyscrial. 
Plates com])ouiid. interporiferous areas with, from two to six: 
or more oblique rows of very small jdain primary tuhcirclcs. 

Interradia with a median depression, abactinally, which is 
smooth ; from four to nine horizontal or obli(]ae rows of very 
small tubercles resembling those of the ambulacra, dimiiiisliiiig 
in number abactinally. 

Peristome very large, pentagonal, well incised, the ambulacra! 
lips the largest. 

Fossil Oolite : England and Europe. Cretaceous ; Europe 
and N. Africa. 

The Liassic species described by M. Ootteau cannot, well enter, 
and, m he suggests, should he removed. 
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Genus Cottaluia, Desor, ISoS, Synopsis, p. 113. 

Test tliiii, small or moderate in size, tumid, sublieinisplierical 
or subconical, slightly depressed, circular or subpolygonal in 
ambital outline, fiat and slightly tumid actinally. 

Apical system small, one or both of the posterior radial plates 
may enter the periproctal ring. Coroual interradial plates very 
numerous, low and broad. 

Ambulacra narrow' ; the poriferous zones narrow, slightly 
sunken, straight, the pairs of pores in simple vertical succession, 
slightly in arcs actinally; plates compound, there being three low 
primaries in each, wutli almost straight sutures. Interporiferous 
areas slightly tumid, crowded with very small perforate iiou- 
crenulate tubercles in horizontal rows, wuth or without order, and 
large granules. 

Interradia wide, the low- plates wdth very numerous tubercles 
resembling those of the ambulacra, placed iu ,a horizontal row on 
each plate, and with granules nearer the transverse sutures. 

Peristome suukeu, small : the branchial incisions small ; the 
interradial lips the largest. 

Fossil. Cretaceous : England, Europe, and X. Africa. 

Mecent. ? 

A. Agassiz admits his Qottaldia .Forhesiana (‘ Challenger * 
Eeport, p. 182) into the genus with much reservation; and I 
agree with him that the generic position is doubtful. Gotfaldia 
Oarteri^ Dune., from the Cretaceous of Eas Eartak, Arabia, must 
enter the genus OrtJiopsis. 


II. Subfamily Fiplopod i i n (b (p. 59). 

Genus Diplobodia, McCoy, 1848, Ann, ^ Mag, Wat, H'u*lser.2, 
voL ii. p. 412. Fesor, 1858, Synopsis, p. 75. JDiincan, 1SS5, 
Quaint, Joimi, Geol. Soc. vol. xli. p. 443. Fe Loriol, 1SS7, 
Faune Cret. du Fortug., Eoli. fase. i. p. 33. 

Test moderate, depressed, circular in tumid ambital outline. 
Ambulacra narrow, with two vertical rows of primary tubercles, 
perforate and crenulate, smaller or nearly eq^nal in size to the 
interradial tubercles ; pairs of pores in double rertical series near 
the apex and peristome, and uniserial at the ambitus ; there is 
much crowding out of the poriferous plates in the biserial parts ; 
at the ambitus there are four primary components to a compound 
plate, or the lowest component may be a demi-plate, the second 
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primary from tli© adoral suture of tlio compoimd plate is tlie 
largest component. 

Iiiterradia witli two or more vertical rows of primary tiilDerclcs, 
which are largo and otherwise similar to those of the ainhiilacra. 

Peristome with well-marked branchial incisions. 

Fossil. Oolite : Europe. Cretaceous : England, Europe, 
Asia, IST. Africa. 

Blplo^^ocUa is very interesting in the construction of the aixibu- 
lacral plates, which, when comj)ound, arc diadeinatoid f on the 
other hand, FecUnopsis, according to Do Loriol, has the middle 
plates of its compounds formed upon the type first 

described by J. Midler. 


Genus Pedinopsts, Cotieatt>^ 1863, EcJi. Foss, de Fyren.^ Fwtr. is 
Conr/r. Sci. de Frame, 28 Sess. JBonleauos, p. IG; 1879, Foil. 
Foss, de V Alger, fasc. 5, p. 207 (P. Desori). J)e Loriol, 1887, 
Fmme Or it. du Fori.^ EoJi. fasc. i. p. 53, pL x. figs. 7, a, Ih 

Test moderate, thin, tumid, subconical, flat actinally. 

Ambulacra moderately wide ; pairs of pores biserial tlirougbout, 
or polyserial at the peristome, or uniserial at the ambitus ; inter- 
poriferous area with two or more vertical rows of small perforate 
and cremilate primary tuberedes ; the compound plates high, 
mnnerous, and the middle plate of each arranged with the otliers 
upon the ‘‘FeJiimis ” type, 

Interradial areas with numerous plates not much higher tlian 
the compound ambulacral })latcs, wdth several or numerous rows 
of small distant primary tubercles, resembling those of the am- 
buiaera and cliniinishing in number abaetinalij. 

Peristome with feeble branchial incisions. 

Fossil, ^ Cretaceous: England, Europe, N". Africa. 


Genus AcAi^fTitECHiKirs, Duncan ^ Shden, 1882, Fed, ImL 
scr. xiv., Foss. Fch. W. Sind, pt. ii. p. 34, pi. viii. 

Test turban-shaped, flat actinally. 

Ambulacra convex from side to side, one half of the breadth of 
the interradia, with two vertical rows of primary tubercles ; pores 
in numerous pairs, diplopodous apically, in single series actinally, 
very numerous, close, 'from five to eight pairs to a compound' 
plate ; ' xone narrowest actinally, slanting from, the interporif erous 
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areas. Every compound plate lias nob a tubercle, for smaller 
wedge-sliaped compound plates intervene between those with 
tubercles. 

luterraclia with sunken median areas ; plates distinctly sutured 
and high. Primary tubercles of both areas well developed, souie 
on raised areoliu, all with a broad-based conical boss, largely ere-' 
nulated, with ridges passing dowui their tall flanks, and a sniali 
imperforate mamelon. Secondary tubercles and granules sharply 
pointed and spiny. 

The apical system and peristome of the species of this inter- 
esting group are lost. 

Fossil, Eocene : Asia, W. Sind. 

The place of this genus must bo provisionally with the Dia- 
dematid^. 


Genus PhymechiisUS, I)eso7\ 1858, Bynopsis, p. 133, pi. xvii. his. 

Test rather large, tumid in marginal outline, subheniisphe- 
rical, and depressed abactiaally, broad, flat, and slightly tumid 
actinally. Coronal plates numerous. 

Apical system small ; madreporite large ; basals unequal, some 
radial plates entering the periproctal ring. 

Ambulacra straight, rather broad, especially actinally ; pairs of 
' pores diplopodous, close vertically, crow^ded at the peristome j 
plates compound, with at least five pairs of pores, Interpori- 
ferous areas with two vertical rows of large, projecting, plain, 
imperforate primary tubercles, with many surrounding granules, 
extending from the peristome to the apex. 

Interradia broad, with two very prominent vertical row’-s of 
primary tubercles, resembling in structure those of the am- 
bulacra, but larger, with four rows of small secondary tubercles, 
extending nearly to the peristome and diminishing above the 
ambitus. 

Peristome very large, decagonal, with very decided branchial 
incisions ; interradial lips small. 

Fossil, Oolite : Europe. 


Genus Asteeopsis, CoUeau, 1883 , Bull. Boo. Zool, de Franoe^ 
Bet. 2, voL viii. p. 450. 

Test of moderate size, circular in ambital outline, swollen 
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above, depressed and subpulvinate actiiiallj. Apical system 
wanting, large. 

Ambulacra with two vertical rows of small, imperforate, ere- 
iiulate, primary tubercles ; poriferous zones straight, tlie pairs 
biserial to below the aaibitus, in barely oblique triple combina- 
tions, not increasing near the peristome. 

Interradia with abactinal bare median areas, broad, with two 
vertical rows of small distant primary tubercles resembling tlic 
ambiilacral, with large bosses and small mamelons, all dimiiiisbing 
abactiiially, scrobiculate ; small crenulated secondaries between 
the primaries and the poriferous zones; granules abundant 
around the tubercles. 

Peristome sunken, subcircular. Spines slender, elongate, 
cylindrical, marked throughout with granular costte, which are 
regularly placed; the ring is crenulated. 

Fossih Upper Cretaceous : Europe. 

Grenus Biplotagma, SeJililter, 1871, Zeitseli. /. d. ges. Nahino. 
{G^ielel)^ n. F., Bd. iv. p. 389. Zitlel, 1879, Falaeontot 
Bd. i. Lief. iii. p. 509. 

Test thick, high, conical, spheroidal. 

Apical system small, with a narrow ring. 

Ambulacra broad ; pairs of pores biserial, and with from live 
to eight pairs to each tubercle -bearing plate ; plates compound. 
Tubercles similar in both areas, plain, numerous. 

Peristome small, central ; branchial incisions smalL 
Fossil. Cretaceous : Europe. 

Genus IsIiCROBYGA^ A. Agassi::^ 1879, Froc. Amer. Aaath vol. xiv. 
p. 200 ; Ee^ort on'OluiIlenger ' Fahini^ 1881, p. 67. iJunmn.^ 
1885, Journ. Linn. Boe. {Zool.\ vol. xix. p. 110, pi. 5. lig. 11, 

Test large, thin, flat actiually, with a rather sharp circular or 
subpentagdnal ambitus, arched upwards towards the low flattened 
abactinal surface, broader than high. 

Apical system central, with a small periproct, its membrane 
with small plates, with miliaries ; anal opening minute. Basals 
- uniform, largely perforate, angular towards the interradia. Madrc- 
porite in the usual basal. Badial plates all entering the narrow 
periproctal ring, concave at the distal edge whore the pore is 
situate. ' , 
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Ambulacra narrow, with two vertical rows of perforate, plain, 
priiiiarj tubercles ; the poriferous zones with diplopodous pairs, 
wliicli are numerous, close vertically, distant horizontally, and 
regular. Plates numerous, low, broad, composed above the 
ambitus, as elsewhere, of three small plates ; the adoral and 
aboral are low broad demi-plates and tbe middle plate is a primary 
which carries tbe tubercle and occupies tbe median suture. Pairs 
of pores of a compound plate really in low broad triplets ; only 
every alternate compound plate has the adoral pair of pores 
nearest to the ambuiacral median line. 

Interradia with many low broad plates, wdtli many vertical row’-s 
of perforate primaries slightly larger than those of the ambulacra, 
ceasing at the ambitus, and largest there ; and two rows extend 
vertically to the apes. 

Peristome moderate, star-shaped, with broad projecting ambu- 
lacral ends, having a well-marked branchial incision and a tag on 
either side, the interradial margins being more pointed and 
narrower than those of the ambulacra. Peristomial membrane 
with imbricating plates. 

Jaws and teeth diaderaatoid.” Spines short, slender, and stri- 
ated above the ambitus, slender and blunt club-shaped actinally, 

Becent. Philippines, Piji Islands ; 100-600 fathoms. 

Grenus Plistophijma, Feron ^ Gauilde)\ 1881, Ecli. Fou. de 
VAlgh\ fuse. 8, p. 176, pL xx. 

Test moderate, circular at the tumid ambitus, very depressed, 
nearly three times as broad as high. 

Apical system large and subpentagonal. 

Ambulacra narrow, straight, with tw’o vertical rows of imper- 
forate plain primary tubercles. Poriferous zones with tiie pairs 
of pores biserial, actinally and dorsallj, and in simple series at the 
ambitus. 

Interradia broad at the ambitus, the median area distinct aad 
bare abactinallj ; four or five vertical rows of primary tubercles 
in each (or more) j tubercles resembling those of the ambulacra, 
those next to the median suture the largest and passing up to 
the apex, rows oblique t plates numerous, low, broad, and oblique, 
especially at the ambitus. 

Peristome large, pentagonal ; branchial iiicisioiis small. 

Fossil, Cretaceous : Europe and N. Africa. 
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Cotteauj 1882, Ball. Soc. Greol. de France, ser. 3, voL x. p. 346, 
considers tlie genus to be close to Magnosm^ and that tliere is a 
species at Martigues ; but the structure of the apical system and 
of tie poriferous zones forms a decided distinction. 


III. Subfamily Fedi n i n (£■ (p. 59). 

Genus Pediha, Agassis, 1840, Ecli. Foss, de la Suisse, p. 33.. 
Wright, 1855, Fal. Soc., Fell. OoL Form. p. I7l. Bimcan, 
1885, Quart. Journ. Geol, Soc. vol. xli. p. 433. 

Test large and moderate, thin, circular or slightly pentangular 
in tumid ambital outline, depressed. 

Apical system small, with nearly equal basal plates and small 
excluded radial plates ; periproct moderate. 

Ambulacra narrow ; poriferous zones wide ; pairs of pores 
ill oblique triserial ranks, really in exceedingly arched triplets. 
Plates low, crowded, and consisting of three components, each 
Avith a pair of pores, the pair nearest the median amhiilaeral line 
being in the adoral plate, which is either a long low primary plate 
or a demi-plate, with its aboral suture convex towards the middle 
component ; the middle plate of the three is the largest, is a pri- 
mary, and its pair of pores is nearest the interradio-ambulacral 
suture ; the aboral plate is either a low primary or a deini-plate, 
and its adoral suture is convex towards the middle plate, its pair 
of pores is further from the suture between the interradium and 
ambulacrum than the pair of the middle plate. Tubercles in two 
vertical roAvs ; and they are small perforate primaries. 

Interradia broad, and with two vertical ioavs of small primary 
tubercles resembling those of the ambulacra, extending from 
peristome to apex, and two or four rows of secondary tubercles, 
Avhieli cease at or above the ambitus. 

Peristome small and Avith brancliial incisions. 

Fossil. Oolite: England; Europe. 


Subgenus Pseitbopedika (genus), CoUeau, 1858, Bev. et Mag. de 
Zool ser. 2,, vol. x. p. 221; 1884, Fal Frang., Jura, livr. 06, 
p. 661, pi. 439. 

Test subcircular iu marginal outline, ' depressed or subliemi- 
spherical. ' 
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Apical system large, granular, flush ; basals large, high, ex» 
tending into the interradia somewhat ; radials small ; periproct 
small, pentagonal. 

Ambulacra narrow, straight, haying distant, large, perforate, 
non-crenulate primary tubercles on the fiat actinal surface and 
near the amhitns only. Pairs of pores in oblique triplets, the 
ahoral pair being nearest the interradium, and the adoral nearest 
the median ambiilacral line. Plates low, compound, the three 
components being “ diadematoid” primaries. 

. Interradia with large perforate non-crenulate tubercles dimin- 
ishing abactinally ; plates high and granular. 

Peristome large, decagonal; branchial incisions large* 

JTossiL Oolite : Europe. 

The size of the primary tubercles characterizes this subgenus 
of Fedlm, 

Genus Eohia'OPEDina, QoUecm, 1860, ei Mag. de Zooh 

ser. 2, Yol. xviii. p. 362. 

Syn. EoMnojpsis (pars). 

Test moderate, spheroidal or subspheroidal, flattened above 
and actinally. 

Apical system with a narrow ring and a large madreporite ; the 
posterior radials entering the periproctal ring. 

Ambulacra broad and straight, with broad poriferous zones, 
the pairs in decided arcs of triplets, more or less biserial or tri- 
serial j a yertical row of perforated, non-crenulate small primary- 
tubercles close to each poriferous zone; small secondaries or 
large granules nearer the median line. 

Interradia with two vertical rows of small primary tubercles 
resembling those of the interradia, the broad median space being 
occupied by row^s of granules or small secondaries. 

Peristome small, and with branchial incisions fairly developed* 

MsbU. Eocene : England and Europe ; America, Cuba. 

The arched nature of the triplets of the ambulacra distinguishes 
Feliino^edina from Fehinopsis, Eclmiopedmci Gaalieii of the 
Erench Eocene is the type. 

Cotteau has described FJehmapedina cMhe}ms from the Eocene 
of Cuba (Ami. de la Soc. Geol. de Belg. t. ix. llemoires, 1881, p. 9, 
pi. i. figs. 1-6) ; and it only departs from the generic character 
by having a second vertical row of small primary and some 
secondary tubercles. The figure 3 of Cot-toau’s plate i. shows 
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aaibulacral plates near tlie ambitus, and iig. 4 above tbe ambitus ; 
tbe difference is remarkable. The adorai pair of pores (fig. 4) 
is nearer tlie ambiilacral median line than tlie otlierSy as in 
McliimtJirLv. 

Genus Stomeghinhs, Besor, 1858, Synopsis., p. 124. Duncan. 
1SS5, Qitart. Journ. GeoL Soc, vol. xli. p. 435. De Loriol, 
1SS7, Fatine Oret du Fort., Eel. fasc. i. p. 65, pL s. 

Test moderate and large, circular iu tumid ambital outline, 
subeonical or subbeinisplierical dorsaily, more or less depressed. 
Coronal plates numerous. 

Apical system with large angular basals forming tbe peri- 
proctal ring, and projecting into the interradia; radial plates 
small. 

Ambulacra moderately wide; at a short distance from the 
apical system the pairs of pores are in close, oblique, triple series 
three pairs to a compound plate, the adorai pair nearest the inter- 
poriferous area. A compound plate consists of an adorai and 
aboral low primary component, tbe sutures being convex towards 
the tubercle, and a large median primary carrying the greater part 
of the tubercle and forming the median sutural angle (diade- 
in atoid). Interporiferous areas with non-crenukte imperforate 
primary tubercles arranged in two vertical rows, with or without 
additional row”s in the median part. 

Interradia with a primary tubercle on each coronal plate, 
similar to, or larger than, the ambulacral tubercles, imperforate 
and non-crenukte, thus forming two main vertical rows ; a 
varying number of small secondary tubercles and granules oii 
either side of the primary tubercles ; median area may be bare 
near the apex. 

Peristome large, pentagonal ; branchial grooves large, with 
raised rims ; ambulacral margins much larger than the interradia!. 
Bpines small, short, blunt, striated longitudinally. 

Wo$sil. Oolite : England and Europe ; America, South. 
Cretaceous : Europe. 

M. de Loriol’s species cama}'ensis(op. cit. p. 65) is abnormal ; 
for nothing can be clearer than the diadematoid ” nature of 
the ambulacral plates of the British types. The narrowness of 
the ambulacra of the peristome, the small branchial incisions, and 
the deini-plates of the ambulacra characteriae M. de Loriol’s 
species, but do not bring it within our idea of ^tomeelims. 
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G-eiius Miceofedtna, Ootteim, 1S66, 'Fal, Frang.^ Terr . Gret. 
Tol. vii. p. 822, pi. 1197. fig. S. SfollczJca, 1878, Gret. 
Faima of B. India^ vol. iv. 8 ser. viii. 3. FeJdn. p. 41, 
pL vi. De Loriol, 1S87, Faime Gret, du Fort,,, Ecli, flisc. i. 
p. 61, pL A. 

Test of moderate size, circular in tumid ambital outline, sphe- 
roidal, depressed actinallj, or generally depressed. 

Apical system small. 

Ambulacra straight, slightly prominent ; pairs of pores flush, 
in a narrow zone, either in straight or oblique series of triplets, 
the adoral pair being remotest from the interradium, and the 
aboral close to it. Plates low, composed of a low, broad, median 
primary component, and of adoral and aboral demi-plates, or the 
adoral may be a primary, the sutures conrex towards the tubercles. 
Interporiferous area with several vertical rows of very small 
perforate, smooth, primary tubercles, most not reaching the apex, 

Interradia with numerous low, broad, coronal plates, with very 
numerous vertical rows of primaries resembling those of the am- 
bulacra, some of the plates with oblique rows. Barely more than 
two vertical rows reach the apex. 

Peristome small, circular ; branchial incisions small. 

Fossil, Cretaceous : Europe, IN*. Africa, 8. India, Asia. 

The next genus is represented by a very fine species in the 
Inferior Oolite ot'Emno^ylleteroGidaris Trigeri^ Cotteau, and by 
a small fragment of a probably second species, AT. wichense, 
"Wright, from the Inferior Oolite of Yorkshire. But although 
Cotteau had the advantage of examining a fine specimen whicfi 
was admirably drawn by Humbert, Wright, under imfaYourable 
circumstances, placed the species in their proper family, and 
noted the affinities with Astropyga of the recent fauna. Poliow- 
iDg Wright, I am able to confirm his judgment in some points, 
after an examination of the structures of the ambulacra and 
peristome, Cotteau qflaeed the genus ' amongst the Cidaridm, 
and distinguished it from any of the Diadematidfe. This is 
to be regretted because really so much of our knowledge about 
the form is derived from his excellent work and Humbert's 
masterly drawing. Wright missed the points which I would 
press upon the distinguished French Eehiuodermatist, and con- 
sidered that the narrowness of the ambulacra and widtli of the 
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iiiterradia and tlieir numerous tubercles allied the forms suffi- 
ciently witb Biadematidm and removed them from Cidariclm. ^ 

I would point out that in Humbert’s figure (Cotteaii, Eeh. 
de la Sartlie, SuppL p. 338, pi. Ivi. figs. 1“4) the outline of the 
margin of the peristome is decagonal, the ambulacral borders being 
very narrow and it is clear that there is a decided branchial cut on 
either side of the peristomial end of the best preserved ambulacrum. 
Moreover, there are indications, in the drawing of tlie peristome, 
that the perignathic girdle is not after the simple Cidaroid type. 
The statement of M. Cotteau that the pairs of pores form arcs 
near the peristome is strictly true, aod the figure given by Hum- 
bert of the component plates of three compound poriferous plates 
and parts of an upper and lower one on fig. 4 are conclusive 
in respect of Cotteau’s exactitude. If the upper pair of pores 
of the fig. 4, pi. Ivi. (Cott. op. cit), he removed and the lowest 
also (they belong to defective compound plates), it will be evi- 
dent that three sets of triplets remain, and that each set is in 
a compound plate made up of three smaller plates, and that 
the middle one of each carries the tubercle. The thin lines 
indicate the sutures between the component plates of each com- 
pound plate ; and it will be observed that the middle plate of 
each is the largest, occupies much of the plate at the tubercle 
end, which is near the median suture of the ambulacrum, and 
that its pair of pores is nearer the ambulacro-interradial suture 
than the other pairs of pores. Then it can be noticed that 
the adoral suture of the upper pore-bearing plate, in every 
compound plate, is slightly curved convexity adorally, and that 
it reaches the median ambulacral sutural line just above the 
base of the tubercle. The corapouent plate is thus a lo'w pri- 
mary, and its pair of pores is placed remote from the ambulacro- 
interradial suture. On the other hand, the aborai suture of 
the lowest of the pore-bearing plates of each series has its con- 
vexity directed aborallj, and it may noticed that the end of the 
suture is either at the median line or falls short. In this last 
instance the plate is a demi-plate ; hut in either case the pair of 
pores is situated normally, that is, remote from the ambulacro- 
interradial suture. How this arrangement of the plates com- 
posing a component ambulacral tubercle-bearing plate is essen- 
tially diadematoid,” and is most distinct from that of any 
Cidaroid. (Duncan, Anat. Amh. Eecent Diadeniatida^ Joum. 
Dinn. Soe. (Zool), vol. xix. p. 06, 1885.) 
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The arraiigciiient is represented in the recent forms of EcM- 
nothrim^ to whicli genus the alliance is greater than to Astmpijga. 
But other distinctions of structure between the genera are 
evident. 

The fossil form has not the ambulacra with the width and con- 
vexity of those of EeliimtlirLv^ and the median interradial area 
near the apical system is tuberculate in Meierocidaris. 


G-eniis Heteeocidaets, Cotiecm, lS60,BiclL Soc. GeoL de France, 
ser. 2, vol. xvii. p. 378 ; Ecli, Foss, de la Bartlie, Bappl. p. 338, 
pi. Ivi. Wright, 1860, Fal, Soc,, Fell, Ool, Form, p. 456. 
{Amended.) 

Test large, circular in outline at the tumid ambitus, broader 
than high, flat actinally, subconvex abactinally. 

Apical sA'stem absent in the specimens. 

Ambulacra very narrow, straight, not projecting, with two 
vertical rows of very small perforate and crcnulate tubercles. 
Poriferous zones slightly depressed, narrow; pairs of pores in almost 
straight series at and above the ambitus, although in triple com- 
pound plates ; near the peristome tlie pairs of pores are in ares and 
oblique ; the tubercle of a compound plate is on the middle com- 
ponent plate, and the sutnres of the adoral and aboral component 
plates and the middle plate are curved more or less, their con- 
vexities directed towards the middle plate. Usually the com- 
ponents are low, broad primaries ; but a deini-plate may occur 
near the actiiiosome. 

Interradia very broad and tumid ; the plates low and broad, 
carrying several rows of large, perforate, crenulate and scrobi- 
eulate primary tubercles separated by a rich granulation. The 
vertical rows diminish above the ambitus ; but at least four 
reach close to the apical system, especially the pair close to the 
ambulacra, so that the median vacant space is very small and 
insignificant. 

Peristome small, decagonal ; ambulacral ends small, with 
branchial incisions on their flanks. Spines long, cylindrical, 
striated longitudinally. 

Fossil. Inferior Oolite : England, Europe. 

M. Cotteau states that the auricular processes must have been 
strong. 



78 


PUOF. P. M. DP'NCA'N’s PETrSIO:N' OF TTFE 


Genus EchijS'OTHRIX, Feiers, 1853, AhJi. l\ Akad. Wiss. Berlin^ 
(1854), 13. 114. A, Acf assiz, 1%72A, Bevkion, p. 413. Bun’- 
can, 1885, Joiirn. Linn. Soc, {Zool.), vol. xix. pp. 101 and 
202. Lovcn, 1887, Mch. dene, lij Linnccm, p. 137. {Amended.) 

Svn. Garelia, Gray ; Bavignia, Desor. 

Test large, tlin, tumid, moderately Ingli, depressed, broad. 

Apical system large, more or less suiilvcn ; basals large and 
projecting into the interradial spaces ; radials small and entering 
the ring ; tbe periproct large, with a close pavement of plates. 
Coronal plates numerous. 

Ambulacra tumid, narrow, with several vertical rows of very 
small tubercles, which are crenuiate and perforated, diminishing 
in number actinally ; plates numerous, low, broad, composed of 
three primaries, with the sutures convex to'vards the tubercle ; 
near the peristome the adoral component is small and excluded 
from the interradial suture. Pairs of pores large, in close arcs, 
the adoral pair nearest tbe amhulaeral median line, forming, with 
others, a vertical series. 

Interradia wutli a bare median space, sunken, elsewhere several 
vertical rows of large primary tubercles, crenulated and perfo- 
rated, scrobiculate, diminishing in number abactiimlly. 

Peristome large, with deep branchial incisions and tags ; mem- 
brane with small plates. Perignathic girdle with very broad, low 
ridges; processes expanded above, opening large. Jaws with the 
foramen of the pyramid an open arch, the teeth grooved. Spines 
slender, long, striated, vertieillate, more or less solid. 

Becent. B. coast of Africa, Pacific Islands, Japan, Philippines, 
E, Indian Islands, Eed Sea. 

Genus Astsoptga, Gtcoj, 1825, Ann. BMl. vol. xxvi. p. 246. 
Beters, 1853, Ahh. h. Akad, JVks. Beidm (1854), p. 110. 
A. Agassiz, 1S72A, Bevislo}i, 1^.417 ; ISSl, Be^ort on ^Clmh 
huger' JEchinij p. 72, pi. x. a. fig. 9. Bnncan, 1885, Jotmi. 
Linn. 8oc. {Zook), vol. xix. p. 106, pL v. (Amended.) 

Test large, tumid at the ambitus, depressed, thin, more or less 
flexible ; ambulacra bulging. 

Apical system large ; basals large, triangular, elongate ; radials 
much smaller, narrow, and entering the periproctad ring. Mem- 
brane with circular rows of plates. 

Ambulacra narrow, convex, with two vertical rows of large, 
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crenulate and perforate priraarv tubercles ; poriferous zones 
broad ; plates compound, large, bigb, composed at tbe ambitus 
and actiiially of two sets of triplets, eacK consisting of low, broad 
primaries, sometimes with ademi-plate, \Yitli tlieir sutures curved, 
convexity towards tlie tubercles ; pairs of pores in oblique sets of 
tliree pairs, really in close triplets, tlie adoral pair of a compound 
plate being nearest tlie ambulacral median line and the aboral 
the most remote. 

Interradia with a broad median area abactinally, elsewhere 
with several rows of crenulate and perforate primaries, slightly 
larger than those of tbe ambulacra, each with a large flat scrobicule. 
Coronal plates rather numerous, low and broad, overlapping more 
or less, pitted inside and some split longitudinally or not. 

Peristome variable in size; branchial cuts large; membrane 
with plates, the largest carrying spines. Jaws small; teeth 
grooved. Larger spines about one half of tlie diameter of the 
test, striated, verticiilate. 

Heeent. Panama, Gnlf of Califoruia, Zanzibar, Philippines, 
East“Indian Islands. 

Genus Polyctpeus, Agassiz, 1846, Cat. liais. cles Eeli.^ Ann. d. 

ScL Wat. ser. 3, vol. vi. p. 361. I>eso}% 1858, Sf/nopsis, p. 117. 

Cotteau, 1863, Bev. et Mag. de Zool. ser. 2, vol. xv. p. 261. 

Test small, subconical or hemispherical dorsally, tumid at the 
circular ambitus, rather flat actinallj. 

Apical system small ; basal plates large and united ; periproct 
oblique or not. 

Ambulacra straight, rather wide, with rather broad poriferous 
zones, which may be sunken ; pairs of pores in close and very 
oblique triplets, triserial abactinally and polyserial actinallj ; 
plates low, compound, diadematoidP Tubercles of the inter- 
poriferous areas small, plain, in four or more vertical rows, the 
outer the, larger- 

Interradia with numerous low broad plates, each with two 
horizontal rows of numerous plain tubercles, resembling those 
of the ambulacra ; but one row has small tubercles ; usually the 
tubercles increase in size actinallj ; vertical row^s five or more in 
number. 

Peristome large, decagonal ; ambulacral lips large ; branchial 
incisions well developed. 

MssiL Oolite : England and Europe. 
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Genus CoDEcniEES, Besor, 1858, Spiopsis, p. 111 . Goiieau, Bal, 

Terr. Qret. vol. vii. pi. 1198. fig.. 6. 

Test small, tumid, splieroidal, flattish actiaally. Coronal plates 
liigli. 

Aiiibiilacra broad; poriferous zones broad; pairs of pores 
triseriai, close, in nearly horizontal triplets : plates compound, 
low, some of three low primaries, “ diadematoid ” ; others with 
a large middle primary, a low ahoral demi-plate, which is broad, 
and an adoral demi-plate which is excluded from the interradial 
suture. The middle pair of pores is nearest the interradiiim. 
Tubercles very small, plain, distributed irregularly, most nume- 
rous and closest actiiialiy, but few elsewhere. 

Interradia with the median sutural area ratlicr depressed; 
tubercles resembling tliose of the ambulacra, limited to parts of 
plates remote from the median line of tlie area, which is naked. 
A minute granulation separating the tubercles of both areas. 
Peristome small, central, diagonal. 

Bossil. Cretaceous : Europe, N. Africa. 

IV. Subfamily Orth ops i n cd (p. 59). 

Genus Orthopsis, Qotteaib^ 1803, Brang., Terr, Oret, vol. vi. 
p. 550. JStoIic^ka, 1873, Bal. Bicl^ Cret. Batma B, India, 
voL iv. 3. viii, ser. 3, BJehin. p. 45, pi. vii. Be Loriol, 
1887, Bmme Oret du Bort., Ecli, fasc. i. p. 46, pi. viii. 

Test moderate in size or small, depressed, circular or slightly 
pentagonal in ambital outline, tumid dorsally, flat aetiiially. 

Apical system with five perforated basals ; madreporite well 
developed; radial plates, all or some entering the anal ring, 
which is variable in outline. 

Ambulacra much narrower than the interradia, straight; pairs 
of pores numerous, in straight series ; poriferous zone narrow ; 
plates simple, low, primaries dorsally, hut near the ambitus and 
actinaUy two primaries may combine, and the suture passes 
transversely through the interporiferous tubercle. Tubercles 
of the ambulacra small, perforate, and smooth; two vertical 
rows., 

Interradia with several vertical rows of small primaries re- 
sembling those of the ambulacra, or slightly larger, some reaching 
up dorsally. 

Peristome moderate, with well-developed branchial iucisioiis ; 
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perigiiatbic girclie with ridges and processes wiiicli unite and 
form a small arch. 

Fossil. Oolite : England, Europe. Cretaceous : Europe, 
N. Africa, Hindustan. Eocene: Egypt. 

De Loriol has shown that Hemipedim Bcemamii, "Wright, 1855, 
is an Orfliopsis. 

Genus Eobiadema, gen. nov. 

Test small, thin, circular in tumid marginal outline, subcoiiical 
dorsallj, tumid and re-entering actinally, broader than high. 

Apical system moderate in size, ovoid or elliptical in the out- 
line of the periproct *, five large basal plates, four in contact and 
the fifth or posterior separated from its fellows, on either side, 
by a radial plate. 

Ambulacra narrow, 'straight, wider than the interradia at the 
peristomial margin, narrower elsewhere ; poriferous zones narrow ; 
the pairs of pores numerous, in simple vertical series, barely 
any crowding near the peristome ; plates all low, broad primaries ; 
inter poriferous areas rather broad, crowded with blunt granules 
dorsally, some larger granules near the poriferous zones, and 
giving place at the ambitus to some very small creiiulate and 
perforate tubercles which diminish actinally. 

Interradia broad; plates not numerous, broader than high; 
two vertical rows of perforate, crenulate and scrobiculate pri- 
mary tubercles in each area, a few large at the ambitus and 
becoming rapidly very small dorsally, or replaced by distinct, 
large, crowded granulation, diminishing also actinally. Scro- 
bicules large at the ambitus, and usually coalescing. A large, 
blunt, very marked granulation occurs beyond the scrobicules on 
each plate, and also on all the plates up to the apex, except at an 
angular space contiguous with each basal plate, and extending 
downwards, variously, along each median line, where there are 
no granules, hut a plain surface. Peristomial edge small and 
pointed. 

Peristome sunken, decagonal, small, and with well-marked 
branchial incisions. 

Fossil. Middle Lias : England. 

This is a most interesting genus ; and the species Eodiadema 
gramlata was discovered by E. ’Wilson, Esq., E.G.S., of the Bristol 
Museum. The alliance is very close to the OrthopsidsB, although 

LIOT. JOURS'.— ZOOUOGY, YOU. XSIII. 6 
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tliey have suiootli tubercles as a rule. It is tlie single primary 
plates of the ambulacra without any compound ones, coupled with 
the small tubercles of the ambulacra and the few largo primaries 
near the ambitus, all the rest of the test being granular, that sepa- 
rate the type from ILy^ocliculema and Hemicidaris and Biadema, 
It is very interesting to find such a simple form so low down in 
the Mesozoic series, and it may well have been the precursor of 
the genera just mentioned. The similarity of the genus to Aero- 
salenia is stiildng ; but there is evidence that the sur-anal plates 
were not present. 

If more was known about Hypodiade^na^ the alliance of the 
new genus with the oldest Mesozoic forms would be very defi- 
nite ; but the good drawings of Desor and other deseribors show 
that the interradia of the genera differ considerably. 

MM. Peron and Grauthier have described Gijphosoma Seinzi^ 
and notice its abnormal nature ; and they consider that hud it 
been placed in Pseudodiadema it would have been equally erratic. 
Probably the classificatory position is near OHliopsis^ for the pairs 
of pores are in simple, low, primary plates. I have diagnosed a new 
genus for the form, and dedicate it to M. Peron. 

Genus PEBOi^riA, gen. nov, 

Syn. Gyplmoma, Cotteau, Peron et Gauthier, 1884, Ecli. 
Foss, de I’Algerie ( 2 nd edit, of fasc. 2 ), p. 96, pi. ix. 

Test small, circular in tumid ambital outline, very depressed. 

Apical system annular, pentagonal, symmetrical ; periproct 
large, circular 5 basal plates equal, broad, low, perforated largely ; 
radial plates small, all entering the ring and reaching tlie pori- 
proct, the margin of which is slightly raised. 

Ambulacra narrow, with narrow porilerous zones, the pairs 
not numerous, and in simple vertical series throughout, eacli in a 
low primary plate. Interporiferous areas with small granules only, 

Interradia broad, with only seven coronal plates on a side, with 
as many crenulate, imperforate and scrobicuiate tubercles, largest 
at the ambitus, the rest of the plat© granular j secondary tubercles 
absent. 

Peristome large, decagonal, the branchial incisions with everted 
edges. 

Mssil Cretaceous (jSfeocomian) : Algeria. 
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G^pliosoma Seinzi thus becomes Peyonla Heitiziy Peroii et 
Gauthier, sp. 


Genus Echixopsis, Af/assiz, 1810, CataL S^st, Ectyp, Eck p. IS. 
Be.soVj 1854, Sfaopsis,^. (pars). De Xorm?, 1881, Eoc, 
EeJi. mis jMgifpt, il d. Lib. Wilsfe, PalcBontograpliica^ n. E. 
X, i, (xxx.) p. 10. 

Test thin, small or moderate in size, hemispherical, or suh- 
couical and tumid abactinaliy, rather flat aetinally. 

Apical system narrow, the basals imec|ual ; the radial s small 
and close to the periproct, but not forming* its ring. Periproct 
large. 

Ambulacra large, straight, flush with the test ; pairs of pores 
in simple straight series ; plates compound, triple, or quadruple, 
made up of low broad primaries; tubercles very small, close, 
perforate and non-crenulate, extending the whole length of the 
ambulacrum in two vertical rows placed near to the poriferous 
zones. 

Iiiterradia with two vertical rows of small primary tubercles, 
slightly larger than, but otherwise similar to, those of the ambu- 
lacra ; minute granules surrounding the non-sunken scrobicules* 
Sutures of the plates distinctly seen. 

Peristome small, slightly depressed ; branchial incisions slight. 

Fossil Eocene: Europe, Egypt. 

FeJimopsis Fdtoardsiy Eorbes, of the London Clay, is an 
FGliinopedim, 

Genus Gtmkouiadema, Be Lonol, 1884, Becueil Zool Smsse, 
vol. i. 1^0. 4, p. 606. 

Test tliin, tall, swollen, moderate. 

Apical system flush ; the madreporite triangular, slightly deve- 
loped ; radial plates small. 

Ambulacra narrow ; poriferous zones straight, with regularly 
superimposed pairs of pores in simple series ; the plates very 
numerous, low, narrow primaries ; interporiferous areas very 
narrow, have abactinally very small granules, which are barely 
visible to the naked eye, yet forming vertical series ; they arc 
replaced aetinally by very small tubercles with perforate 
mamelons. 

Interradia very broad, covered with granules like shagreen ; 

6 # 
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near tlie peristome tliere are some saiall tubercles, wMch are 
perforate and scroticiilate ; tliey are more developed tlian tliose 
of the ainhulacra. 

Peristome (wanting) probably small. 

Fossil. Oolitic; Europe. 

The drawing of the solitary species given by De Loriol shows 
a globose test longer than hroad, and very minutely granular ; 
the increased size of the ornamentation actinally is very charac- 
teristic. 


Genus incertce sedis, 

G-enns Peoq-027ECHIKUS, JDuncan and Bladen^ Fal, In cl ser. xiv., 
Foss. Fell: W. Bind, p. 43, pi. x. figs. 1-4. 

Test small, moderately high, subhemispherical, concave acti- 
nally ; margin circular and tumid. 

Apical system absent. 

Ambulacra narrow, wdtli straight poriferous zones having 
numerous pairs of pores directly superposed and close. The 
plates compound, the adoral component a low broad demi-plate, 
the middle a large primary plate carrying two small tubercles, 
and the aboral component a low broad primary ; sutures grooved 
and distinct ; tubercles plain, in two vertical series on each side 
of the median line, others near the ambitus low granules often 
forming ridges. 

Interradia broad plates low ; two persistent vertical rows of 
plain scrobiciilate primaries larger than those of the amhiilacra ; 
at the ambitus two or more vertical rows occur besides, but are 
lost actinally and dorsally. Large granules with iiiamelons occur, 
and a row near each poriferous zone has costa', passing towards 
the pairs of pores and also to the scrobieules of the neighbouring 
primary tubercles. Grooves along the upper and lower sutures 
of the interradia! plates near the median line. 

Peristome circular ; branchial incisions well developed, with 
thick everted margins. 

Fossil. Eocene; Asia. 

This is a very synthetic, genus, and links the Diadematich© and 
the Temnopleuridse. 
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V. Family Ctphosomatidje, 

Test moderate in size, circular or subpentagonal in tumid 
marginal outline, depressed, rarely siibconical, liiglily orna- 
iiiented ; plates moderate in number or numerous. 

Apical system very variable in size, shape, and structure, com- 
pact, or with some or all radials intervening between tlie basals, 
and the posterior basal intruding upon the posterior inter- 
radium ; with tbe periproct posterior, and its plates either few 
or numerous and hexagonal ; arms posterior ; the madreporite 
in the right anterior basal. 

Ambulacra v^dth high compound plates, with from three to 
seven pairs of pores in an are *, near the apical system, and ex- 
tending variously actinally, a biserial arrangement of the pairs, or 
not ; pairs crowded or not at the peristome. The adoral and 
supra-adoral components are primaries, and the others demi- 
plates. Two vertical rows of primary tubercles. (Duncan, lS85j 
Amb. Foss. Eeh., Quart. Journ. G-eol. Soc. p. 447.) 

Interradia usually depressed dorsally, with bare median spaces ; 
rows of tubercles variable in number, larger than those of the 
ambulacra. 

Peristome moderate and large, with branchial incisions. Spines 
long and short, solid, some as needles ; striated longitudinally. 

This family subdivides with difficulty ; and the two groups of 
it are not of subfamily value. 

Division I. 

Genus Cypliosoma. 

Subgemis Leiosoma. 

Genus Coptosoma. 

Gauthieria, 

Thylechmm, 

Division II. 

Genus Micropsis. 

Siibgeuus Gagaria. 

Division I. 

Species with and without a diplopodoiis poriferous arrange- 
ment cannot he placed in the same genus ; and therefore only 
the diplopodous species remain in the genus Cpp^Imomn as 
now constituted. Moreover, the genus now includes the species 
with the apical system encroaching upon the posterior inter- 
radium. Cotteau has found the details of the apical system ; and 
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the typical arrangement is seen in G. 'Dehnarrei^ Pal. Eran^,, 
Terr. Cret. vol. vii. pL 1140 ; see also G. FoicJi^auense^ Pcroii & 
Q-autli. Eoss. de TAlger. fasc. 7, pL vi. fig. 8. 

Genus Gypiiosoma, Agassiz, 1840, Gatah Si/st. Fctijp, Mel, p. 19, 
I)eso'}\ 1858, Spwpsis, p, 86. Wriplt, 1869, Fal, Soc., Moss. 
Gref. Mclu vol. i. p. 128. A, Agassiz 1873, Mevkion., p. 487. 
Miinean ^ Sladen, 1882, Pal. Ind. ser. xiv., Foss. Mel. W, 
Sind, p. 31. Funcan, 1885, Quart. Joimi. Geol. Soc. vol. ili. 
p. 447. J~, Lamherf, 1888, JBioll, Soc. d, Sci. Nat. de V Tonne, 
1 Semestre. 

Sjn, Fliymosoma, Haime. 

Test moderate in size, tumid at the circular or slightly poly- 
gonal ambitus, swollen but depressed dorsally and actiiially, 
broader than high. Coronal plates few, their sutures distinct 
superficially. 

Apical system large, with five basal plates; the madreporite in 
the usual plate, aod all or some of the radial plates euteriug the 
periproctal ring, the posterior basal thrown more or less back- 
wards and intruding upon the posterior iuterradiiim. 

Ambulacra with well-developed poriferous zones, undulating ; 
pairs of pores diplopodoiis abactinally, and in arcs of from four 
to six or more pairs, and more crowded still at the peristome ; 
plates compound, high, formed of an adoral, a siipra-adoral, and 
an aboral primary component, the other plates of the coiiipoimd 
being deini-plntes ; the direction of the sutures of the primary 
plates of the compound is convex towards and on the boss of a 
large tubercle, the sutures usually being visible on its Hanks. 
Two vertical rows of primary tubercles. 

Iiiterradia large, with two or more vertical row^s of primary 
tubercles equal to or larger than those of the ambulacra and 
similar in their constitution, being imperforate and creuiilate. 
Secondary tubercles exist, and small tubercles or granules in 
large numbers, the median areas often bare for some distance 
from the apical system* 

Peristome small or moderate ; branchial incisions well marked. 
Spines solid, long, subcylindrical, aciculate, or spathiforin, straight 
or bent spoon-shaped, striated or smooth ; milled head and 
acetabular cuts distinct. 

Fossil. Oolite : Europe. Cretaceous : England, Europe, IST. 
Africa, Asia, Eocene : Asia. 
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Siibgenus Lkiosoma, Cotteau ^ Trigei\ 1859 (genus), Ecli. du 
Dept, de la Sartlie, p. 271 ?, pi. xlv. ; ISSlj with Feron et 
Gauthier^ Ech. Foss, de V Alger, pt. 2 of fasc. 8, p. 141, 
figs. 7-11. 

Sjn. Goinjpliecliimts^ Pom. ; Mieropeltis^ Pom. 

The primary tubercles are plain, and neitber creniilate nor 
perforate. Pairs of pores biserial tbroxigbout, or not so at the 
ambitus ; several rom of interradial primary tubercles, or two 
only. 

Fossil. Oolitic : Europe. Cretaceous : Europe and N. Africa. 


Genus Coptosoma, Fesor, 1858, Sgnog)sis, p. 91. Banean ^ 
Bladen^ 1SS2-86, Fal. Ind. ser. xiv., Foss. FcJi. W. 8hid, 
pp. llG-117, pi. xxii. Funca/i, 1885, Quart, Journ. Geol. 
8og. yoL sli. p. 447. Lamlert, 1888, Bull. Soc. d. Sci, Fat. 
de V Yonne (extrait), p. 7. 

Syn. CgpJiosoma (pars). 

Test moderate, subcouical, or depressed dorsally, tumid at the 
ambitus. Coronal plates few in number. 

Apical system flush, intruding somewhat upon the posterior 
interradial spaces ; one or more radial plates may enter the sub- 
circular or deformed periproctalring ; peri proct somewhat thrown 
back. 

Ambulacra with uniserial pairs of pores, and in arcs throughout ; 
plates formed of more than three components, uniting after the 
Cypbosomatoid type* 

Interradia with two vertical rows of primary tubercles, creiiu- 
lated, and with several small secondaries upon each broad and 
comparatively low plate, larger than or of the same size as the 
primaries of the ambulacra; sutures may be visible, and the 
tubercles may be deficient dorsally. 

Peristome moderate to large, with branchial incisions. 

Fossil Cretaceous : Europe, N. Africa, K. America. Eocene ; 
Europe and Asia. 

Mecent. Japan. 

The genus diflers from Cgphosoma ; for it is not diplopodous, 
and the poriferous plates have more than three components. It 
appears that very probably the recent Fligmosoma=^€gpliosoma 
cremilare^ A. Ag., and also De Loriors €. Morioni, should come 
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in liere. IJiifortiinately the name of the genus refers to cuts or 
sutural impressions upon the tubercles ; and these are not char 
raeters of any importance. The fine vSindiau forms of Oi/pJumma 
macrostoma^ Bunc. & Slad., and 0. Dune. & SlacL, arc 

now species of Qopiomna. Q, JoucU^ Peroii et Grauth., should 
enter. 

The genus Cotteau, 1886, Bull. See. Zool. de France, 

vol. si. p. 715, is so doubtful on account of the bad condition of 
its specific type, that it is simply recorded. 

Grenus Gauthieeia, Lmnlert, 1888, B^dl, Soc. d. Sci. Nat. de 
f Tonne, 1 Semestre (extrait), p. 7. 

Syn. Cy^hosoma (pars). 

Test moderate, subcircular or suhpentagonal, moderately 
tumid. 

Apical system largely developed, pentagonal, with the posterior 
angle extending well into the corresponding interradium; the 
basal plates unequal ; the madreporite in the largest and anterior 
lateral basal; the other lateral basals more or less hexagonal, and 
at the angles of the system the posterior basal forming a narrow 
rim to the posterior angle, and limiting tlie posteriorly excentric 
anus ; radial plates large, all entering and separating the 
basals. Periproctal area large, and occupied by seven or more 
hexagonal plates, forming a closed area anterior to the circular 
anus. 

Spines long, cylindrical, finely striated longitudinally. 

Fossil. Cretaceous : England and Europe. 

In one solitary instance this remarkable apical system has 
been preserved and described, thanks to M. Lambert; in all 
others there is only a large vacant space. The genus includes 
the former Cypliosoma radiatum, Sorginet {siibradlatiim), 1850, 
and its synonyms G. simpJeiV and G. spafdl/era, Forbes, and 
C. perfeetum, Cotteau. 

M. Lambert has founded a genus, or rather suggests the recog- 
nition of a genus of M. Pomel for Qypliosoma pulohellum and 
0. Said and many others. 

In agreeing with M. Lambert’s intelligent scheme, it is neces- 
sary to draw attention to M. Pomel’s definition, which contains 
the statement that the upper part of the “ interambulacrales ” is 
more or less depressed en gouttiere ” in the males, and hollowed 
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en marsiipiiim in tie females. This is not quite capable of Teri- 
fication ; but it has neTertheless origiuated the name of a genus, 
ThjlecldmiB. 

Genus Tiiylecht^tijs, Fomel, 1883, Theses, Glass. Mkh p. 91. 

Lamlert, 1888, Fcctr. Bull. Soe. cl. Sci. JSfat. cle V Yomie, p. 11. 

(AmencIecL) 

Syn. Cyplwsoma (pars), Cott., Ter. et Gaiith. ISSl, Eeli. Foss, 
de TAlgen. fasc. S, p. 172, pL xix. figs. 3-10 {Gypliosoma 
Saicl), 

Test with a compact symmetrical apical system ; radial plates 
excluded. 

Auibiilacral plates having three components and three pairs of 
pores in simple series only. Pairs of pores uniserial throughout ; 
the interporiferous areas -with two vertical rows of erenulated 
tubercles smaller than those of the interradia. 

luterradia wutli two vertical rows of large primary tubercles 
creniilatecL The median areas more or less depressed dorsally. 
Peristome large ; lips unequal ; branchial incisions slight. 
Fossil. Cretaceous : Europe, 17. Africa. 

For the generic position of Cjfpliosoma Ileinzi, Per. et Gauth., 
see p. 83. 


Division II. 

The geiim IIicro2)sis, Cotteau, 1S55--56, was diagnosed so as to 
include M. Desori, which has four vertical row’s of ambulacral 
tubercles, and the pairs of pores in arcs of four ; the interradial 
plates very wide and rather low, with a primary tubercle and 
three small pidmaries on one side, and two on the other on each 
plate. There is no doubling of pairs, and the branchial incisions 
are small ; but the numher of coronal plates is great. It is like 
a Go])tosoma with a eonsiderahle number of coronal plates. 

A species, Micropsis microstoma, has three vertical rows of 
tubercles and five or six pairs of pores in ares, to a plate. Again, 
M. Leijmerii has only two pairs of vertical row’s of tubercles and 
three pairs of pores to a plate. All the radial plates enter the 
apical ring, "We do not understand how Jf. globosa, Cott., and 
Jf. lericlensis, Cott., can be associated with the type species in 
the same genus. The Micropsis^^ described from the Kiimmu- 
litic of Sind has many of the characters of, but the structure of 
the anilnilacra differs from, M. Cotteau’s type. 
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M. de Loriol (Ours. Tert. de la Suisse, Pa,l. Soc. Suisse, 1875, 
Tol. ii. p. 16) considers Micropsis to be synonymous with the 
Cypliosomatoicls with uniserial pairs of ’^OT^Qp iQoptosoma); but the 
height of so many of the tests of the considerable 

number of the coronal plates, and the slnall size of the primary 
tubercles are distinctive, hlevertheless it is evident that not 
only are tliere species of Coptosama in Cotteau’s list of Micro- 
psides, for instance IL leridmBis, but some require elimination 
from tiie family, for instance' Jf. Vidall^ Cott., which is alto- 
gether aherrant. 

The ambulacra of the species with four pairs of pores to a 
compound plate, such as the type species IL I)esor% have not the 
component plates of their symmetrical compound plates arranged 
as in the genera Ci/pJiosonm and Goptosoma ; on the contrary, the 
arrangement resembles that of the species of Fheodiadema (p. 64), 
wdiieh have numerous components to an ambulacral plate. The 
compound plate is high, and is composed of a small, low, broad 
adoral primary, very low at the median suture of the compound 
plate ; or it may he a demi-plate ; next comes a large primary, 
comprising most of the tubercles and the angle of the median 
suture j then succeed aboraliy, two low broad primaries, their 
adoral sutures being rather curved, convexity adorally. (See 
Quart. Jounn Geol. Soc. vol. xli. p. 431, fig. 8.) This arrange- 
ment may also occur when there are five pairs of pores to a com- 
pound plate ; and then the last pair of pores is in a low broad 
primary, which resembles the aboral primaries of the other 
plate. This kind of arrangement is not seen in any species of 
Qijpliosoma ; and therefore there is a good physiological difference 
between the species witli numerous pairs of pores and those 
with few which have been included in MicropBU and GppJiosoma 
or Goptosoma. 

The species with three pairs of pores in an ambulacral plate 
may be grouped around Micropsis vemistuh, Dune. & Sladen, 
1884, PaL lud. ser. xiv., Eoss. Ech. Sind, p, 119, pi. xxii. figs. 1-7. 
The apical system has large basal plates ; a radial enters the ring, 
and the periproct is large and deformed ; the amiilacra are narrow, 
and have two vertical row's of small perforate and crenulate pri- 
mary tubercles and two vertical rows of secondary tubercles ; 
the plates are high and compound ; the adoral plate is a large 
primary carrying the bulk of a tubercle, and the other plates, 
placed aboraliy to it, are low broad primaries. The difference 
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between this arrangement and that already' noticed is that in the 
instance of tie plates with more than three pairs of pores the 
adoral primary is added, as it were, to the compound. 

The iiiterradia have only two vertical rows of primary tubercles, 
very slightly larger than those of the ambulacra; and there are 
two vertical row^s of small secondary tubercles. 

Micropsis Leymerii, Cott., and M, tV OMgnii^ Cott., appear to 
be associated with this Sindian species in a little group which is 
hardly worthy of more than a snbgeneric title (see Gagaria). 

A new genus or siibgenus is required for Jf. Vidali, Gott. ; for as 
we define the species it is a JPscmmecJiimis with crenulate tubercles. 

Having made these necessary remarks, we proceed to give 
the diagnosis of Mm^opsis, which is transitional between the 
Cyphosomatidm and the Diadem atidse. ■ 

Genus Micropsis, Coiteatf, 1855, Ecli. Foss> des Fgren.^ BiilL Soe, 
GeoL de France, ser. 2, vol. xiii. p. 326 ; 1882, BuIL Soe. Zooh 
de France, vol. vii. p. 111. Duncan and Slculen, 1881, Pal. 
Ind,Bei\ siv., Foss. Fell, of Sind, p. 119. {Amended.) 

Test of variable size, circular or slightly polygonal in tumid 
marginal outline, tumid dorsally, subconical, subbemisphericai 
or depressed, concave aetinally. 

Apical system flush, with a large periproct, large basals, and 
one or more of the radial plates may or may not enter ring. 
Coronal plates rather numerous. 

Ambulacra with small primary tubercles, perforated and ere- 
nulated, in two or more vertical rows ; pairs of piores from three 
to five in number; plates compound; the aboral components low 
and broad, with adoral sutures convex adorally, and the adoral 
component a large primary carrying the tubercle; a low primary 
or a demi-plate may or may not form the lowest part of the com- 
bi oation. 

Interradia with many or few vertical rowvS of primary tubercles 
and secondaries. 

Peristome small ; branchial incisions well developed. Spines 
slender, long, subcylindrical, striated longitudinally, sharp. 

Fossil Cretaceous : Europe. Eocene : Europe, Asia, Egypt. 

Siibgenus Gagaeta, Dimean. 

Syn. Micropsis (pars). 

Tests with two vertical rows of primary tubercles in each area, 
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and witli only tliree pairs of pores in eacli compound anibuiacral 
plate. 

Fossil Cretaceous : Europe. Eocene : Asia (Sind). 

Tlie specific type is Gagaria {llicropsis) wnusttda^ Dune® & 
Skden, 1884, Pal. Ind. ser. xi?., Eoss. Ech. W. Sind, pt. iii. 
p. 119, pL xxii. figs. 1-7, from tlie Wnmmulitic. 

M, Lambert, 1888, Bull. Soc. d. Sci. Nat. de rTonne (extrait), 
contains some excellent remarks bearing upon M . Poiners sub- 
division of Ogpjiosoma, 

YI. Eamily Aebaciid Ji, Gmg, {Amended.^) 

Test moderate in size, siibhemisx3lierical or siibconical, depressed 
dorsally, flat actiualiy; epistroma with granules, projecting 
ridges, grooves, sessile glassy knobs, elongate or rugose, and 
tall, especially on the bare dorsal interradial median areas. 

Apical system large ; the periproct oval and oblique ; the 
periproctal plates four, rarely more, triangular; the radial pores 
adoral, double. 

Ambulacra straight, narrow, expanding near the peristome; 
pairs of pores simple or in large arcs, or crowded actinaily ; the 
plates compound near the ambitus, the middle component a large 
primary ; the adoral and aboral being demi-plates with very 
curved sutures, their direction being nearly vertical towards the 
ambulacral median line ; or the primary is adoral and the demi- 
plates are aboral to it. 

Interradial plates with several or few vertical series of primary 
imperforate, non-crenulated tubercles, usually larger than those 
of the two rows of the ambulacra ; with expanded bosses. Ten- 
tacles bet eropo dons. Spheridia solitary or numerous. 

Peristome large, incurved at the sides of the arnhulacra, and 
with branchial tags. Teeth keeled. Jaws with the pyramidal 
foramen open above. Plates united along the vertical sutures 
by clowelliug, some of the projections may be large and lamellar. 

Genus Arbaeia. 

Echinocidaris (gen. nov., non auct.). 

Coelopleiirus. 

Podocidaris, 

* For the sfcraetures noticed in this definition, see Dnnean and Sladon, 
Jourii. Linn. Soc. toI. six. 1885, pp. 25 etseq , ; and Lov(5n, 1887, Icli. descr. by 
Limiseus, pp. 80 d seq. 
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Genus Abbacia, Gmy^ 1835, ^roe. Zool. Soc. p. 58, Tmselic4, 
1872, Arch, f AFaturg. vol. xsxviii. p. 293 ; 18/2, voL 
xxxix. p. 308. A. Agassiz, 1874, Mevision, pp. 263, 399, 
Bell, 1879, Broc. Aool. Soc. p. 436. Duncan 4' Sladen, 
1885, Joum. Linn. Soc. p. 48. Zoven, 1887, Bch. descr. hg 
Llnnmis, p. 80. {Amended.) 

Syii. Dchinocidaris, Desmoulins, 1835, Llitken, 1863 ; Agarites^ 
Agassiz, 1841 ; Bygornma, Troschel, 1873. 

Test moderate, thick, subcircular at the tumid ambitus, siib- 
liemispherical, de])ressed dorsallj, flat actinally. 

xlpical system large, prominent ; basals projecting into the 
interradia, long ; radials entering or not the ring, the pore 
adoral double ; all plates ornamented with epistroma ; periproet 
OYal, oblique, with four triangular periproctal plates (sometimes 
three to five). 

Ambulacra straight, narrow to the ambitus and larger there 
and at the peristome and with a projecting lip ; poriferous 
zones moderately narrow, and the pairs of pores in simple pairs 
dorsally, then in arcs of three and polyserial at the peristome ; 
plates low primaries dorsally, then cojnpoiind with a large median 
plate and an adoral and an aboral demi-plate, their inner sutures 
nearly vertical and curving upon the tubercle. Tentacles hetero- 
podous. 

Interradia with bare median dorsal areas near the apex, elsewhere 
with from three to seven vertical rows of plain primary tubercles 
on each side of the median line, more or less oblique, larger than 
those of the two vertical rows of the ambulacra, all diminishing 
in number and size dorsally. Epistroma greatly developed. 
Secondary tubercles absent. 

Peristome large, tags or iamellm for the brancliise ; ten buccal 
plates. Perignathic girdle with ridges, the ambulaeral processes 
moderate but not arched. Jaws with the foramina of the 
pyramids open ; teeth with a keel. Spines long, moderately stout, 
some spathiform, cellular within, may have a “ cap.” Pedicellaihn, 
some with large glands on their stalks. Plates of the test 
united at the vertical sutures by partial dowelling, some of it 
coarse. A solitary spheridium in each ambulacrum in a large pit. 

Fossil. K". America, Tertiary ? (The European Miocene spe- 
cies is a BsammecMnus.) 

Decent. Florida, Caribbean Sea, Long Island to Yucatan, 
Brazil, Straits of Magellan, Patagonia, Chili, Peru, Panama, 
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California, Kerguelen, Piiilippines, W. coast of Africa, Canaries, 
Cape de Verd Is., Azores, Mediterranean. 

Genus EciimooinA.Eis, gen. hoy. (non Besmoidins). Bimcan Sf 
Sladen, 1885, Journ. Linn* Soc. voL xix. p. 53. Loi^en^ 
1887, Bell, descr, hy LinncBiis, pp. 81 & 95. 

Syn, Arhacia (pars). (Bolimm niyer^ Molina.) 

Test regularly arched, circular in ambital outline, much wider 
than high, gibbous in the interradia at the ambitus. Some radial 
plates enter the oblique, elongate periproctal ring, and are 
usually small or as little knobs ; peinproctal plates normally four. 

Ambulacra narrow abactinaUy, and very wide at the peristome j 
two rows of plain primary tubercles, separated by iniiiaries ; 
plates, wdien compound, consisting about the ambitus, of four or 
fire components, a large primary plate being adoral, the others all 
demi“plates, with more or less vertical inner sutures, are aboral. 
Pairs of pores polyserial at the peristome. 

Interradia with high coronal plates above the ambitus, each 
with a large tubercle near the poriferous zone, and four smaller 
which extend towards the median suture, and are near the 
adoral sutures ; minute secondary tubercles placed above the 
primaries. Kear the peristome the j)late>s are 1 o\e, and there 
are many vertical rows of primaries, packed closely and without 
very definite order. 

Peristome large, intemidial ends very small, branchial cuts 
broad. One large pit for a single spheridiiim in each ambiilacrai 
median line near the peristome. Spines short on the dorsal 
part of tiie test except along the poinferous zones, w-here they 
are long. Tentacles heteropodous. Epistroma moderate. 

The union of the vertical median sutures, and also between the 
ambulacra aud interradia, is by do welling and dovetailing; some 
plates have lamella? or triangular prominences on their edges and 
the opposed plate-edges are correspondingly holed. 

Mecent. Patagonia aud Peru. 

Genus Ccelopueubijs, Syst. Befyp, Ed. p. 19. 

Besor, 1858, Symp^sis, p. 96 . A. Ayassk, 1874, Bevision^ 
p. 267. Bimcan 4' Skden, 1SS3, Pal. Ind. ser, xiv., Foss. 
Bell. KadJi and Batty war j p. 53 ; 1884-85, Sind, Mari series^ 
pp. 251 et seq. ; 1885, Journ* Linn. 8oe. vol, xix. p. 27. 

Test moderate in size, tumid and more or less circular in out- 
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line at the ambitus; siibconieal or depressed dorsally, fiattisli 
act ill ally. 

Apical system large, with an elongate periproct with four or 
more large triangular plates ; basals large, united; radial plates 
with a double perforation on the adoral edge. 

Ambulacra narrow, with two vertical iws of primaries on flat 
scrobiciiles with well-developed bosses and mamelons, imperforate 
and non-crenulate, diminisliing in size towards the apex and 
sometimes replaced there by granules. Poriferous zones narrow ; 
pairs of pores in arcs near the ambitus and abactinally, some on 
the flanks of the tubercles, becoming slightly crowded actioally. 
Plates, primaries near the apex and becoming triple compound 
plates near the ambitus, consisting of a middle large primary 
plate and adoral and aboral short deini-plates ; the sutures of 
the demi-plates and the middle primary bent on the flanks of 
the tuberclw and then directed vertically adorally and aborally. 
Tentacles beteropodous. 

Iiiterradia with a large bare ornamented median area 
abactinally, and having the primary tubercles largest at the 
ambitus and diminishing in size towards the apical system or 
disappearing, placed on flat scrobicules, imperforate, and without 
cremilation, surrounded with grannies. 

Peristome with small branchial incisions and long tags ; buccal 
membrane rugose near the teeth, with 10 small buccal plates, 
covered with pedicellarise and with large disked tentacles, other- 
wise the membrane is bare. Perignathic girdle slender, ridges 
broad and low ; the ambulacral processes moderate and usually 
arched. Teeth keeled. Dowelling occurs between the apical 
plates and between the interradial plates. Pits with spheridia 
at the median sutural junctions of the ambulacral plates near the 
peristome. Pediceilarige with glandular stems. 

The epistromal ornamentation very generally developed ; the 
furrows and ridges and long lines of granules elongate or not, 
and in zigzag, by the side of and across the interradial bare spaces, 
and S-sbaped bands occur in some species ; the apical system 
also ornamented. Spines long, curved, more or less triangular in 
outline, cellular within, those of some primary tubercles very 
long, some spathiilate. 

FossiL Eocene: England, Europe, N. America. Oligocene 
and Miocene : Europe, Asia. 

Mecent. Plorida, the Caribbean Sea, Bourbon, Philippines, 
Amboyna, Indian Archipelago. 
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Genus Pobociuaeis, A. Ar/asslz, 1S69, Bull. IIus, Comp, Zool, ; 
1872, Revision, p. 269 ; ISSl, Report on ' Challenger ’ Ech, 
p« 59 ; 1883, Report on ^ Rlalce‘‘ EcJi. p. 22. 

Test moderate in size, pentangular or circular in tumid mar- 
ginal outline, regularly arclied l)ut depressed abactinally, faintly 
tumid actinally around tlie large depressed peristome. 

Apical system with large basal and radial plates ; periproct 
small, wdtli four or five triangular plates ; anus at their inner 
points. 

Ambulacra rising above the general level, broadest at the 
ambitus, and about equalling the infcerradia at the peristome. 
Primary tubercles plain, seeji at the ambitus and actinally only, 
the rest of the interporiferous area being furnished with short 
sessile spines, with or without pits at their bases. Pairs of pores 
in simple series. 

Interradia broad at the ambitus, and having the primary 
tubercles at the ambitus and actiually, the rest of the surface 
with sessile spines similar to those of the ambulacra. 

Peristome large, |)entagoiial, depressed, with branchial incisions. 
Tentacles prehensile from the peristome to above the ambitus, 
and pointed and branchial abactinally, Peristomial membrane 
with buccal plates. Articulated spines restricted to the ambitus 
and under surface of the test, short and fusiform, or long and 
slender, striated, serrate, others without a socket and continuous 
with the test. 

Recent. Caribbean Sea, 150 to 590 fathoms, and Philippines, 
1050 to 1075 fathoms. 


VII. Family T e m n o l e u e i d .n. 

Eegular, ectobraiicliiate gnathostoines, witli the teetli keeled, 
lihe pyramids of the jaws having epiphyses closing the foramen, 
the external branehisB tufted or dactylose the aiiihulacra» with 
triple compound plates and siihliomoiopodous tentacles ; tlie 
suture of the ambulacra! and intevradial plates and of the apical, 
system grooved and may be pitted, or there may be a raised 
ornamentation, costulate or reticulate or in ridges, the sutures 
being furrowed or not. Plates united by clowelling. 

Subfamily CrlyphoeyplAnm, 

Tumid tests with a large apical system, the basals low, and 
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either some or all the radial plates entering the periproctal ring, 
or the system is compact. Ornamentation raised, costulate or 
reticulate, with or without sutural furrows ; sutural pits absent. 


Subfamily Temnopleurinm (p. 106). 

Tumid or spheroidal tests with a compact apical system, the 
sutures grooved and pitted, ‘^undermined’’ or not, the plates 
highly ornamented and united by do welling. 


Subfamily Glypho cyp li in m. 

This subfamily may be divided artificially, into genera with large 
apical systems into the ring of which some radial plates enter, and 
into genera with solid apical systems. 

Genus Glyphocyphus, 

Dlctyopleunis, 

Arachniopleiiriis. 

OrthohpJius. 

Paradoxecliims. 

EcMnocyphis, 

Zeuglopleurus. 

Lejndopleunis. 

LeiocypJius. 

Coptopkyma, 

Trigonocidaris, 

Genus Geyphocxphus, J. Same, 1853, Anim. foss. de T hides 
p. 208. JDesor, 1858, Synopsk, p. 102, GotieaUs 1859, Ecli. 
dn Dept, de la Sartlie, p. 158, pi. ixviii. ; 1862-67, Pal, 
Fmng,, Terr, Gret, vol. vii. p. 531 ; BidL Soc. ZooL de 
France, 1886, p. 86. Duncan Sladen, 1SS2, Pat Ini, 
ser. xiv., Foss. Fch, W. Sind, p. 36. 

Test small, more or less tumid at the ambitus, broader thaii 
high, depressed spheroidal. Coronal plates moderately nunie» 
rolls. Epistroma highly developed. 

Apical system large, all the basals and radial plates entering 
a narrow periproctal ring; madreporite small, punctures dis- 
tinct ; pore of the radial plates adoral ; periproct large, elongate, 
ovoid. 

Ambulacra narrow, straight, with two vertical rows of small, 
LIHU’. mum. — ZOOLOOT, TOL. XTIII. 7 
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perforate, creniilate, primary tubercles, largest actinally; boss 
spreading, mameloii globose and prominent, placed upon the 
aboral tliircl of a plate ; miliaries abundant, those nearest tlio 
tubercle elongate, and radiating more or less towards other 
miliaries wliicli encircle tliem, arrangement confused further 
away. Plates high, com23ound, usually three pairs of pores and 
rarely four to a compound plate, almost in straight series or 
slightly ill arcs ; component plates are low, broad primaries witli 
straight transverse sutures. On the tumid aciinal surface a few 
large tubercles exist and sometimes alternate ; they have distinctly 
radiating, long miliaries, resembling short costae, between the boss 
and the usual circle of miliaides. 

Iiiterradia broad, with two vertical rows of primary tubercles, 
resembling, but slightly larger than, the amhiilacral ; a few secon- 
dary tubercles may exist ; miliary tubercles numerous, irregularly 
placed near the edges of the plates, in circles around the bosses 
and united to them by more or levss elongated ridges ; a costa- 
like projection, or several, placed adorally to the primary tubercles, 
arising from them or from the adoral edge of a circle of sur- 
rounding miliaries, and thence extending to, or over, the adoral 
coronal suture of the plate. Tubercles and their surrounding 
radiations and circle of miliaries largest and most distinct actinally. 

Amhulacral and interradial transverse sutures grooved, espe- 
cially actinally to the tubercles, and the median sutures also. 

Peristome small, sunken, with very slight hranclual incisions. 

FossiL Cretaceous : England, Europe, and 'N. Africa. Middle 
Eocene : Europe. Upper Tertiary ? : Europe. 

A comparison of the drawings of Glypliocy;p]ms mcUaius, Honing, 
sp.j in the works of Uesor, Cotteau, and Wright will satisfy most 
students that either tbc variation of characters must be con- 
siderable or tbe details of structure have been drawn from 
indiflerent specimens. Having had the advantage of examining 
perfect specimens, some of which are in the National Collection, 
it appears that the amount of variation is not great. It amounts 
to a stouter condition of the invariably narrow apical ring 
around the large periproct, especially of the anterior plates, the 
l^resenee of an extra pair of pores in some ambulaeral plates, a 
larger development of the ambulaeral tubercles actinally, and 
the presence or absence of one or more short costa-like projec- 
tions, placed adorally to each interradial tubercle. The grooving 
of the transverse sutures of the interradial coronal plates is not 
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a simple deepening along tlie line of suture, for the furrow is broad. 
Ill every spetdmen tliere is more of tlio radiation of the miliaries 
from a tubercle than is given in any drawiog hitherto published, 
and the miliaries are much more crowded and irregular in shape 
than has been figured. 

The raised nature of the epistroinal ornamentation is seen 
around the spaces which occur along the transverse and the 
vertical sutures in well-preserved British specimens : it gives a 
very Temnopleurine appearance to the test. The figure given 
by Cotteau, Pal. Franc, vol, vii. pi. 1128, figs. 16-22, of G-, ru- 
gosiis shows the tubercles with four or five cost® projecting 
adorallj instead of one, and recalls Ogecliimts^ Desor. The 
sutures in this species are partly, but well grooved near the 
angles of plates. 

Genus Dictyopleurus, Bimcan Bladen^ 1882, P«Z. Lid. ser.siv., 
Foss. Eclu W. Sind, p. 88. 

Test small, hemispherical above, slightly concave actinallys 
more or less tiirhan-shaped. Epistroma well developed. 

Apical system .* periproct oblique, elongate, elliptical, with a 
raised edge ; hasals unequal, with depressions between the fora- 
mina and the ring ; radial plates large, some enter the narrow 
ring. 

Ambulacra narrow, straight, pairs of pores in straight series ; 
tubercles of the interporiferous area very small, in two vertical 
rows close to the poriferous zones, indistinctly crenulate and 
perforate, united by a zigzag of raised broad or narrow ridges. 
Each tubercle is connected with two of the opposed row, and 
with the tubercles placed above and below, by a raised rib-like 
ornamentation. 

Interradia broad, with two vertical rows of primaries resembling 
those of the ambulacra, hut more distinctly perforate and crenn- 
lated, united with those of the opposed row by abroad or narrow 
oblique or longitudinal, raised, granulated or not, series of cost®, 
and with the tubercle immediately above and below by means 
of a narrow vertical costa; the tubercles are raised above the 
common level. The sutural lines between the plates of both 
areas are visible, and are plain and not sunken. 

Peristome small, and the branchial incisions also. 

Fossil Eocene: Asia (W. Sind), Africa (Egypt). 
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Genus AEACioioPLEUifUS, Dimccm Bladen^ 18S2, Pal. Inti 
ser. xiy.y Mss, Eoh W, Sind, p. 42. 

Test depressed, tumid at tlie circular ambitus, rising but 
sliglitly abactiuallj. Ej)istroma well developed* Apical system 
large, defective. 

Ambulacra narrow ; pairs of pores in slight arcs, penetrating 
ridges which are continuous with radiating costas coming from 
the serobieular circle of the raised, small, perforate, ereiiulate 
tubercles of the interporiferous area. ' Tubercles of both areas 
in two vertical rows, each on a raised scrobicule from which 
radiate costce., and the ends of these are suiTOiiiided by a circle of 
raised rib-like stracture, carrying large granules. The circle gives 
off radiating costas externally, some of \Yhicli reach the circles of 
the opposed row of tubercles and others pass to the poriferous 
areas. Vertically the circles are more or less in apposition, 
Plates and sutures visible between the raised ornamentation. 
Peristome small, deeply seated ; branchial incisions smalL 
Fossil Eocene : Asia (Sind). 

Genus OuTHOLOPHirs, Duncan, 1887, Quart. Journ, G-eol. Soe, 
vol. xliii. p. 414. 

Test small, low, more or less pentagonal in marginal outline, 
subconical above the tumid ambitus. Epistroma well developed. 
Apical system wanting. Periproct small and circular. 
Ambulacra half of the width of the iuterradia at the ambitus, 
straight, with slightly sunken poriferous zones ; pairs iuill-clofined 
triplets, nearly in straight series, appearing on the actiiial ilaiiks 
of the costiiiation. Compound plates made up of a middle deini- 
plate and an adoral and aboral primary. A vertit^al row of small 
imperforate, non-crenulated primary tubercles is close to the 
poriferous zone in the interporiferous area ; and the space 
between the rows is occupied by crowded, transverse, ridge-like 
costa?, passing from the opposite tubercles and carrying small 
secondaries. 

Interradia with two vertical rows of primary tubercles, of the 
same size and shape as those of the ambulacra j their scrohicules 
raised, united with those placed actinally and dorsallj by vertical, 
straight cost®, and with those of the opposite row by numerous 
crowded, transverse, straight cost® with small secondaries upon 
them. 
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Peristome small, almost without cuts. 
MssiL Aiisiraliaii Tertiaries (Morclialloc). 


Goiiiis PAEABOSEcnijfus, Lfiiihe, 1869, Sitzungsl. d. Icais, AhuL 
d. Wiss, Wien, BcL lix, p. ISO, fig. 2. {Amended.) 

Syn, Gogtecldnus, Cotteau, 1883. 

Test small, depressed, much broader than high, tumid at the 
ambitus and slightly pentagonal in marginal outline, flat actinally. 
Epistroma well developed. 

Apical system wanting, hut was large, wide, and circular. 

Iiiterradia moderately broad, with a vertical row of primary 
tubercles near the ambulacra ; the successive tubercles are united 
by a narrow fillet or ridge on wbicli are two rows of small 
secondaries or large gramiles, and there is a zigzag of fillets com- 
posed of double rowTS of similar secondaries or granules between 
the opposite vertical row^s of primary tubercles; moreover a 
zigzag exists, of corresjp ending structure, between the interradial 
and the ambulacral tubercles. 

The ambulacral primaries are in two rows placed vertically, 
and there is a zigzag of raised fillets between them as in the inter- 
radia. The width of the ambulacra is very slightly less than that 
of the interradia, and the primary tubercles of both areas are sub- 
equal, smooth and non-crenulated. The test is deep and flat be- 
tween the fillets, and the pairs of pores, three to a plate, in the am- 
bulacra are on the deep part of the test and more or less in gTOoves. 

The peristome is pentagonal, and the branchial cuts are slight. 

Fossil. Miocene of Mun\ay Cliffs, S. Australia. 

Laiihe described one species, P. 9iovus^ and the dimensions of 
the specimen are important. Height 6*5 millim., diameter 
13 millim., diameter of the apical scar 7 millini., diameter of 
peristome 4 millim. It is evident that the apical system was 
large, and from Laiibe’s figure it would appear that all the radials 
reached between the basals to the periproct. 

Cotteau has defined a genus CogtecJiimis, 1S83, "'"Ech, nouv. ou 
peu connus/’ Bull, de la 8oc. Zool. de la France, voL viii. p. 456, 
from the Miocene of France, and it is synonymous with Panir- 
dowecMnus, Laube. 

G-eniis EcHiE"ocxPHirs, Ootteait, 1859, EcJi. dti< Begt. de la SartJie^ 
p. 226 , pi. sxxix. bis. fig. 6 ; 1862-67, FaL Frang. Terr. Cret. 
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Tol. vii. p. 707. Wright^ 1870, JBal. Soc., Monogr. Brit. 
Oret. Bch. vol. i. pt. iii. p. 116. Gregory^ 1889, Ann. cf Mag, 
Wat. Hut. ser. 6, yoI iii. p. 490. {Amended?) 

Syii. Glyplocgplim (pars). 

Test small, tumid in circular or siibpolygonal marginal outline, 
depressed, siibconical or tumid dorsally, tumid actinally. Epi“ 
stroma ATell developed. 

-Apical disk small, with the antero-lateral basfil plates narrow 
and united; postero4ateral basais moderate in size, united to 
the antero-lateral basais, and meeting anteriorly to the periproct. 
Posterior basal absent in the type, but its impression left between 
the postero-lateral radial plates, both of which enter the ]3eri- 
proctal area, denotes that it was broad from side to side and low. 
The anterior and antero-lateral radial plates are excluded. Peri- 
proct oval in shape, somewhat posterior. 

Ambulacra straight, narrow, with some high plates placed 
abactinally to very low ones ; two vertical rows of imperforate, 
crenulate, primary tubercles ; mamelon globose, boss expanded, 
small abactinally, largest below the ambitus, where sometimes 
one may occupy nearly all the breadth of an amhulacriim; 
surrounded by stout and irregularly placed miliaries, or by com- 
pressed ridges which radiate from the tubercles. Poriferous 
zones narrow, pairs in very slight arcs, usually in triplets, and 
then the plate is made up of three low primaries with straight 
transverse sutures ; or wdth four or even five pairs, but then the 
fourth and fifth pairs are in low primary plates independent of 
tlie high compound one. There may be some grooving of the 
ambnlacral sutures and a continuity of ridges between the eleva- 
tions, on which pairs of poises are placed, and ridges coming from 
the circular rows of miliaries around the interradial tuhercles. 

Interradia with tw^o vertical rows of primary tubercles slightly 
larger than, but otherwise resembling, those of the ambulacra ; 
miliaries radiating from the primaries compressed from side to 
side, or tear-shaped. The larger tubercles are actinal, and usually 
they have a circle of granules around the radiating series of com- 
pressed miliaries. Transverse coronal sutures simply and narrowly 
grooved. 

Peristome small, sunken, with very small braneliial incisions. 

Msdl. Cretaceons : England, Europe. 
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Genus Zeuglopleijrus, aregorij , 1889, Ann. «|* Mag , Mat. Mist. 
ser. 6, Yol. iii. p. 494 

Syn. MeJdno 2 )sis (pars) ; Uchmoci/jilms (pars) ; Gli/coci/jdius 
(pars). 

Test small, globular, depressed below, slightly conical above ; 
sides tumid. Epistroma well developed. 

Apical disk somewhat solid, the two postero-lateral radial plates 
enter the periproctal ring ; the antero-lateral pair o£ basal plates 
meet the adjoining hasals, and thus the antero-lateral and anterior 
radial plates are excluded from the ling, while the periproct is 
pushed toAvards the posterior end; the posterior basal is very 
narrow. All plates perforated by the madreporite. 

Ambulacra somewhat narrow and straight. Each bears two 
rows of primary tubercles, which are slightly smaller than those 
of the interradia, and are creniilate, imperforate, and surrounded 
by small scrobiciiles, broken by series of radiating costiilate 
ridges Avhich unite with those of the adjoining plates above and 
below ; the rest of the plate Avith miliary granules arranged Avith 
some regularity. The horizontal sutures are notched with 
grooves much as in Glgplioeyphus^ which affect especially the 
adoral edge of the plate, so that the loAver plate projects above 
the upper one. In the poriferous zones the pairs of pores are in 
single and nearly straight vertical rows ; the plates nearest the 
apex are primaries ; hut proceeding actinally they become fused 
to compound plates of tAvo or three primaries; a single primary 
is often intercalated between two compound plates. 

Interradia one and a half times as wide as the ambulacra ; the 
epistroma similar to that upon the ambulacra] plates, but more 
developed. A single vertical row of primary tubercles on each 
side of each interradium ; the tubercles larger than those of the 
ambulacra and connected by costulate. ridges, and the rest of the 
plate is covered with very close miliary granules ; a small row of 
secondary tubercles may he developed in the aboral external 
corner of each plate, Tubercles imperforate and crenulate. 

Peristome about equal to the apical disk in size ; branchial 
slits small. 

M&sil. Cretaceous : England, Europe. 

The type is ZeughpJeurm cosfulahfs, Greg. 
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Genus Lepidopleheijs, D%inccm Slaclen; 1885, Mo?iop\ Mss» 
Sell. W^. Sind, Pal Ind. ser. xiv. p. 306. 

Test small, nearly heinis]Dlierical or turban-sliaped. 

Apical system large, solid ; basal plates large ; radial plates 
excluded from tbe ring, their pores adoral. Epistroma moderate. 

Ambulacra small; poriferous zones slightly sunken, pairs of 
pores in simple series of triplets ; ])lates composed of an aboral 
and larger adoral primary with an intermediate demi-plate ; near 
tbe apical system are a few low primary plates. Iiiterporiferous 
area crossed by a zigzag of raised granular ridges, uniting tbe 
tubercles. 

Interradial plates scale-like, with tbe adoral edge overlapping a 
corresponding depression on the aboral edge of tbe actiualiy 
placed plate ; two vertical rows of primary, plain tubercles con- 
nected by narrow, vertical ridges. 

Peristome small, and tbe branchial incisions small. Transverse 
sutural lines sunken. 

Fossil Miocene: Asia. 

Genus Leioctphus, Cottean, 1866, Pal Frang., Terr. Oret. 
vol. vii. p. 760, 1862-67. 

Test small, circular at the ambitus, tumid dorsally, almost flat 
actinally. 

Apical system narrow, not solid (judging from the shape of tbe 
space). 

Ambulacra with narrow poriferous zones, with simple series 
of pairs of pores throughout ; plates compound, and in triplets of 
primaries, Tubercles of both areas nearly equal, plain, subscro- 
biculate, somewhat elongated at the ambitus and dorsally, but 
losing this character actinally. Secondary tubercles compressed 
and elongate in the vertical direction ahactiually, globular acti- 
nally. Coronal interradial plates moderate in number (14), with 
more or less deep grooves in the horizontal sutures. 

Pexdstome small ; branchial incisions very small. 

Fossil Cretaceous: Europe. 

Genus Coptophxma, Pero7i et Gauthier, 1879, Eek foss. de 
V Algeria, fase, 5, p, 209, pi. sv. 

Test small, tumid at the circular ambitus, subdepressed dorsally 
and flat or slightly tumid actinally. 

Apical system well developed, with five large basals completing 
the large pentagonal periproctal ring ; radial plates large. 
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Ambulacra narrow, with granules only in the interporiferoiis 
areas, some having inamelons. Pairs of pores in low, broad 
primary plates and in simple series ahactinally and at the ambitus ; 
actinally the series also persists, hut there is a small demi-plate 
intercalated close to the median amhulacral suture actinally to 
large grannies. This plate is sunken and has a pair of pores, 
but probably is not in connexion with the ambiilacro-interradial 
suture. 

Interradia with two rows of yertically placed, large, erenulated, 
imperforate tubercles, and no secondary tubercles. The trans- 
verse sutures below the tubercles are deeply grooved, the base of 
the tubercles being* affected. 

Peristome subcircular, with branchial incisions ; the amhulacral 
lips as large as those of the interradia. 

Fossil. Cretaceous ; 'E. Africa. 

Genus TpjaoKOCiDAEis, A. Agassk^ 1SG9, Bull. Ihis. Coriip. 
Zool Tol. i. ; 1872-74, Bevision, p. 289 ; 18S1, ^ Challenger ’ 
Beport^ p. 111. 

Test small, thin, regularly arched above, circular in marginal 
outline, depressed actinally. Epistroma moderate. 

Apical system ornamented or not, with very large basal plates, 
excluding the radial plates from the elongate periproct, which is 
covered by four plates, one being much the largest. 

Ambulacra with two principal vertical rows of plain primary 
tubercles, united together by a reticulation of raised ornamen- 
tation, producing the appearance of ridges and furrow's ; pairs of 
pores in straight series. 

Interradia with rows of plain tubercles slightly larger than 
those of the amlnilaera, and joined by the same kind of ornament ; 
sutures of the plates either in the furrows between tlie ridges or 
not visible ; small secondary tubercles may be amongst the variable 
ornamentation. 

Peristome with slight branchial incisions, the actinal membrane 
with ten buccal plates and others which imbricate. Spines 
moderately long, slender, striated. ' ^ 

Beeent. Plorida, Caribbean Sea ; Josephine Bank; Kermadec 
Islands. 

The genus requires more careful working out, and from the 
present knowledge of the species it should be classified with the 
Glgplioeypliince^ but it has alliances with the Temnopleurinm, 
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Siibfaplily Te m no fie u r i n m (p. 97). 

Genus Temnopleurus. 

Subgeiius Pleureckinus. 

Genus TemnecMnus. 
iSalmacis. 

Subgemis Salmaeopm, 

Genus Mespilia, 

Microcyphiis. 

Ainblypneustes. 

Goniopneiisies. 

Molopneiistes. 

Genus incertce sedis t GrcmmecJmus. 

G-eniis TEMjq-OPLEUETJS, Agassiz, 184il, Monogr. tclu viv. et foss., 
Preface to Valentin^ Anat, Gen. Echinus^ p. 7. Herldots, 
1854, Jbs-s. cle Java {Lekle)^ p. 4, pi. i. Desor, 1858, Synopsis, 
p. 104. A. Agassiz^ 1874, Revision, p. 460. Martin, 1880, 
Mev. Eoss, Ech. Java, Motes Leyd. Mu-s. vol. ii. pp. 78-85. 
J. Bell, 1880, Eroc* Zool. Boc. p. 422. Duncan 4’' Bladen, 
1888, Bal. Ind. ser. xiv., Ecli. Kaelili ^ Kat. p. 54. Dimcan, 
1883, Jotmi, Linn. Boo. vol. xvi. p. 350 ; 1888, Ann. ^ Mag. 
Wat, Mist. ser. 6, toI. i. p. 109. 

Test stout, small and moderate in size, circular or sliglitlj 
pentagonal at tlie tumid ambital outline, subconical and depressed 
abactinaliy, tumid and reentering around the small peristome. 
Coronal plates moderately numerous, with mucli epistroma. 

Apical system small, compact, slightly projecting j basal plates 
thick, mostly united, tbe largest the right anterior containing 
the madreporite, which has eircuhir pores j all have secondary 
tubercles for spines and a rather large genital perforation. 
Badial plates small, excluded, or one may enter, tumid, broad at 
their actinal edge and ornamented above with iniiiarieB and 
small tubercles for pedicellarim and sp)ines. Pure situated 
adorally and divided externally by a vertical septum ; furrows 
over tbe sutures and a deep pit aetinally to each radial plate. 
Periproct variable in size and in the number and size of its plates 

Ambulacra straight, narrow ; pairs of pores in slight arcs of 
threes, the inner pore of a triplet the adoral ; plates rather high, 
compound, made up of a large adoral primary containing the adoral 

^ See the variations shown on pi. viii., A. Agassiz, Eevision, in T, Earclwichii 
find 2\ Leynmiii and compare with T. ioremmtieus. 
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pair of poreSj of a small demi-plate with the middle pair of poreSj 
and an ahoral low^, wide primary with the ahoral pair of pores of 
the triplet Two vertical rows of w^ell-developed primary tii- 
hercles in the interporiferous area, and large secondaries ; some 
of the smaller secondaries and miliaries placed around the narrow^ 
depressed scrobicuie of the primary tubercles, which have a large, 
conical, distinctly crenulate boss, and the well-developed mamelon 
is smooth and rounded. Tentacles stout and homoiopodoiis. 

Interradia broad, wdth two vertical rows of primary tubercles 
resembling or slightly larger than those of the ambiilacra, with 
numerous secondary tubercles arranged more or less around them, 
and miliaries ; a process actinal to each tubercle. 

All the plates of the test, except the component ambulacral 
plates, united by a dowelling of knobs and sockets. The trans- 
verse sutures of all plates grooved deepdy and widely, either 
throughout their length or near the ends ; deep pits at the angles 
of sutures and along the ambulacro-interradial sutures, under- 
mining much of the test ; pits large, in the ambulacral inediaii 
line actinally and with large broad-topped s|)heridia. 

Peristome small, branchial incisions very small, branchige nar- 
row", dactylose ; actinal membrane bare, only with ten small broad 
tentacular plates ; perignathic girdle w^ell developed, its foramen 
small, processes united. Pyramids of jaws -with a tall foramen 
closed above by epiphyses ; teeth keeled. Spines variable, mode- 
rate, slender, more or less compressed, striated, with a milled 
ring, sharp or blunt at the end, especially actinally. Many 
globiform pediceliariae with short stalks and others with long 
stalks and long soft processes; similarly stalked small triphyllse 
ill great numbers. 

Fossil. Tertiaiy : Java. Mekran Series : Persian Gulf. Sub- 
fossil : Eed Sea. 

Eecetit. Japan, Kamtschatka, Philippines, Arafura Sea, Mergui, 
Ceylon, China, E. Indian Islands, Persian Gulf, .hTew Zealand. 

SubgeBiiB Pleijeechikus, Agassi;:! (genus), 1841, Honour. dFch. 
mi\ et foss.., Fref, to Valentin^ Anat. Gen, 8. A. 

Affassiz, 1878, Eevision, p. 464 ; 1881, ‘ Okallmger ’ Eeport, 
p. 10. Martin, 1880, Eei\ Foss, Fell. Jam, Wotes Leyd. 
Mus. voi. ii. pp. 73-85. Duncan, 1883, Jonrn. Limi. 8oc. 
voL xvi- p. 447. 

Test rather high, apical system highly ornamented, grooves of 
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tlie sutures often or not with regular deep portions, and the pits 
deep at the angles, or sutures deep and plain. Tubercles plain 
or indistinctly crenulated. Ivnobs and sockets of the dowelling 
few in comparison with Temmi^letirus. 

Fossil. Tertiary i Java. 

Mecent. Japan ; Arafura Sea. 

The geuiis OjpeeMmis, Desor, 1858, Synopsis, p. 107, has several 
shallow pits in each transverse coronal suture, and its author 
considers that there are recent and fossil species ; amongst the 
first he instances none, but probably meant to refer to Fleur- 
echinus ; in enumerating and describing tlie fossil forms he mentions 
the so-called Ternnopleuri ofthe Niimmulitic of Sind. It has been 
sliown (Duncan & Sladcn, Pal. Ind. ser. xiv., Eoss. Ech. of Sind, 
1S82, pt. ii. p, 36, and same series Ecli. Kachh Katty war, 1883, 
p. 54) that the forms described by d’Arcliiae and Ilaiine were 
not from the Nummnlitie, but from the higher Tertiaries, and 
that they could not be separated from TemnecJiimis, Eorbes. But 
it is quite evident that several of the TenmecMni^ when rolled 
and weathered, show several shallow pits along the transverse 
sutures. All the specimens seen by d’Arcbiac and Haime were 
in a most wretched condition, and are still in the museum of the 
Greologieal Society of London. 

We do not consider that Opecliimis is a good genus. 

Genus Teiotchi^sts, Forhes, 1852, Fah Soo,^ Momgr. Brit. Tert. 
Fell. p. 5. Desor, 1858, Bi/nojpsis, p. 105. A. Agassiz, 1872- 
74, Bevision, p. 285; 1883, ‘ Blalce' Feliin. p. 37. Duncan 
^ Bladen, 1883, Fal. Did* ser. xiv., of Kachh ^c. p. 57. 

Syn. Opeeliimis, Desor. 

Small or moderate-sized tests, subglobiilar, depressed abac- 
tiually. Epistroma moderate. 

Apical system prominent, sutures between tlie plates more or 
less grooved ; a large periproctal plate and a few small anal 
ones 

Ambulacra with a slightly undulating series of pairs of pores ; 
pairs in triplets, the middle pair in a demi-plate, the adoral com- 
ponent a large primary, the aboral component a smaller primary ; 
two vertical rows of small plain primaries in the interporiferoiis 
area. Interradia with primaries resembling those of the ambu- 
lacra but larger ; some secondaries. Transverse sutures of 

This refers to T. inacnhtiis, A. Ag., the recent species. 
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coronal plates variously and more or less deeply furrowed*, 
grooves at the angles. 

Peristome moderate, with branchial incisions ; processes of 
periguathic girdle slender and closed abo.ve. Teeth heeled. 
Spines short and slender. (Occasionally a true pit, but not imder- 
niining the test, is seen at a sutnral angle, and a crenulate tubercle 
is very rarely visible.) 

MssiL Miocene : W. Sind, Kacli, Eattywar. Pliocene : Eng- 
land. Mekran Series : Persian Gulf. 

Becent. Caribbean Sea, Elorida ; Azores; Josephine Bank. 30 
to 600 fathoms. 

It has been shown, Duncan & Siaden, Pal. Ind. ser. xiv., Ecb. 
Kachh Ac. p. 54 et see/., that MM. d’Archiac and Haime were 
misinformed regarding the I^ummiilitic distribution of the 
Temnecliini of Sind, and that the forms they described in ^ Les 
Animaiix foss. de ITnde’ as Temnopleurt were TemuecJiini. The 
habitat was clearly on a Miocene horizon. 

Genus 8A.L'MAOis,Af/eisslz,lS41,Mo}iO(/r.clB'eJi. vie, et foss., Preface 
to Valen ti/t, Anat. du Gen. JEch. p. 8 . Pesor, 1S5S, Synopsis, 
p. 108. A. Agassiz, 1872-74, Bevision, p, 471. J. Bell, 
1880, Proo. Zool. Soc. p. 422. Dunecm, 1SS3, Bourn. Linn. 
SoG. voL svi. p. 345 ; 1888, Ann. 3Iag. Bat. Mist. ser. 6, 
voL i. p. 109. llamsay, 1885, Cat. EcJi. Aiutr. Mus. p, 47. 
Test varying in size and shape, moderate and large, circular 
or siibpentagonal in tumid ambital region, broader than high, 
subeonical, globose abactmallj, flattish or tumid aetinally. Co- 
ronal plates numerous, low and broad. 

Apical system moderate or small, the basal plates uniform 
except that bearing the madreporite, which is the largest, tuher- 
culate around the ring, excluding or not some of the radial plates ; 
sutures distinct. Periproctal membrane with small plates, some 
polygonal and carrying small spinules and small globiforiii 
pedicellari^. 

Ambulacra straight; poriferous zones broad, with small se- 
condary tubercles ; pairs of pores biserial in close but decided 
arcs of triplets, the middle pair of pores being nearest the 
ambiilacro-interradial suture and in a demi-plate. The plates 
compound, broad and low, adoral component a large primary, the 
middle a demi-plate, the aboral a small low primary. Primary 
tubercles crenulate and imperforate, those of the interporiferous 
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zones largest and most numerous aetiiially, two rows reacli tlie 
a2)ex; secondary tubercles and granules exist; scrobiciiles siiiallj 
raised or not. 

Iiiterradia miicli broader than tlie ambulacra, with ruimeroiis 
Tertical rows of primaries, resembling those of tlie airibiilacra, 
dimimsbing in number and size abactiually and allowing a broad 
median space to exist ; secondaries and miliaries exist. 

Hates of both areas with their lines of suture narrowly grooved, 
with small hut wxll-defined, oblique, deep pits at the angles of 
junction of all plates, and along the ainbiilacro-interradial vertical 
sutures. Sutural edges of plates w^ell dowelled. 

Peristome small, siibdecagonal , braucliial incisions small. Bran- 
ebiaj moderately large, with a stout base and bunches of finger- 
shaped processes. Perignathic girdle with well-developed ridges 
and tall processes, expanding above, united, and with a variably 
sized foramen. Poramen of the pyramids with a closed, arch ; 
teeth keeled. Peristomial membrane rugose near the teeth, plain 
elsewhere ; ten buccal plates with large tentacles and small stalked 
pedicellarige. 

Tentacles subhomoiopodous, for the abactinal are very wide 
and long, feeble in muscular structure, yet the sucker-ring exists 
and is small ; actinal and ambital tentacles disciferous. Spines 
short, delicate, striated, some sharp, others flat-ended. 

Ibssil. Eocene: Europe. Pliocene, Mekran Series : Persian (xulf. 

liecent, Eed Sea, Indian Ocean, Persian Gulf, Mergui, Philip- 
pines, J apan, Siam, Australian seas, E. coast of Africa. 

Subgenus Salmacopsis, Bdderlein^ 1885 (genus), ArcJiiv fur 
Wat'ur^, Wiegm. Berlin^ Heft i. p. 93. 

Test much broader than high, circular in ambital oiitliue. 
Coronal plates high ; tubercles few, small and smootli. Abaeti- 
naUy the plates near the median line are smooth. Pits sharp and 
angular, in the median line. Pores simple. Spines as in Salmack. 

Mecent. Sigarabai, Japan, 100-150 fathoms. 

This is evidently a suhgenns of Salmacis. 

Genus Mespihia, Besor, 1846, Agass. ^ Besor^ Cat. Bais.^ Amu 
Sci. Nat, p. 357 ; Bympds, 1858, p. 110. A. Agassiz, 1872-74, 
Eevision, p. 477. J. Bell) 1880, Broc. Zool, Sog. p. 434. 
Bmican-, 1888, A?i7i. ^ Mag, Nat. Hist. ser. 6, voL i. pi. xi. 
fig. 5, p. 113. 

Test moderate in size, thin, more or less globular or oblately 
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splieroidal and depressed, broader tlian higli. Coronal plates 
niiinerous. 

xipical system witli a large periprocb ; the iiiembraiie with 
iiiinieroiis plates, wliicli are taberciilate ; ring narrow, genital 
foramina large ; basal plates broad, pentagonal, the niadreporite 
disfcincfc and in the largest ; radial plates broad, escladed. Coronal 
plates numerous, low and broad. 

Ambulacra moderate in width ; poriferous zones broad ; 
tubercles very small, placed near the poriferous zones only, ab- 
actinally, and closely packed throughout actinally. Median area 
broad, bare of primary tubercles, ’with pedicellarim and granules ; 
poriferous zones broad, with the pairs of pores in very close 
triplets, appearing to be biserial; the inner vertical row of pairs 
of pores the most numerous, formed by the adoral and aboral 
pairs of a triplet being nearly in vertical series ; the middle pairs 
of pores are in tlie outer vertical row, eacli pair in a deiiii- plate, 
wdiieli is placed close to the ainhulacro-isiterradial suture. Plates 
compound, low, broad ; the adoral a large primary, the middle a 
small demi-plate, and the aboral constituent a small low primary. 

Interradia broad, with a broad, bare, median space, bounded on 
either side by a belt of several close vertical rows of small tubercles 
resetnbling those of the ambulacra ; actinally the tubercles are 
close and cover the plates. Sutures of the median series 
finely grooved in both areas ; pits small, at the median angles. 
Dowelling occurs. 

Peristome moderate, decagonal ; branchial incisions small but 
broad, and "witb a lip. Perignathic ridges low, processes high, 
connected, foramen large. Pyramids of the jaw^s with a small 
foramen arched over ; teeth keeled. 

Spines small, short, slender ; pedieeliaruB very nomerous. 

Mecent, Japan, Philippines, Samoa, Celebes, Few (xumea, 
Sandwich Islands. 

Cxeiius MicnocTPiiirs, Afjassiz^ 1841, Horny r, cVEch, vw. eifoss.^ 
Erefaceto Valentin^ Amt. G-en. EJcIt, p, S, A, Ayassiz^ 1872- 
74, Revision^ p. 466. J. Bell, 1880, Proc. Zool. Soc. p. 422. 
Btmean, 1888, A7in. Mag. Nat. Mist. ser. 6, voL i. p. 118, 

pi. XL 

Test moderate in size, thick, tumid, prolately spliei'oidal, or 
depressed, circular or somewhat pentangular in ambital outline, 
contracted actinally. Coronal plates few and very high in the 
interradia. 
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Apical system small ; basal plates broad ; iiiadreporite well de- 
fined ; all radial plates small, excluded, ornamented ; periproct 
small ; genital foramina deeply cut. 

Ambulacra ratlier broad, sunken or not in the median line 
and along the poriferous zone ; with numerous rows of small, 
equal, plain, low primary tubercles, and small secondary tu- 
bercles, all more or less absent along the median line and along the 
edges of the j)lates near their upper and lower transverse sutures, 
but crowded on the plates elsewhere. Sutures grooved, and with 
pits at the angles, especially in the median lines. Pairs of pores in 
triplets, made biserial by the adoral pair being near the tuber- 
cular part of the plates, the other pairs forming a vertical row 
near the iuterradial suture. Plates compound, the adoral com- 
ponent a Large primary, the middle a demi-plate, and the aboral 
a low primary plate. Borne tubercles in the poriferous zone. 

Interradia with few and very high coronal plates, with tubercles 
resembling those of the ambulacra, crowding the surface in hori- 
zontal rows except near the median and the transverse sutures, 
which are more or less baa*e ; the bare spaces and also the masses 
of tubercles being triangular in outline. Median line sunken or 
not. Sutures slight, yet broadly depressed ; pits at the angles of 
sutures minute. 

Peristome variable, decagonal or nearly circular ; branchial 
incisions small; ten buccal plates. Perignatliic ridges well deve- 
loped j processes large, tall, united over a large foramen. 

Spines short and slender, shortest and tapering abactinaliy. 

Bo welling of the plates distinct, near the free surface, and in 
lilies passing into the test. Blocking out of some ambulaeral 
plates occurs during growth. 

Ileeent. Japiui, Jilast-liidian Islands, Piiilippines, Navigaiiors, 
Tasmania. 

Q-entis AMunYUKEUSTEs, A^assk, IS hl^ 3£ono^r, Ikl. m\ cljm.., 
VithmUn, An at. Gem. Preface^ p. 0. Bosor^ 1858, 

Bynopsk, p. 110. A, Agasd;^, 1871, Eevkmij p. 478. 
J, Bell^ 1880, Proe. Zool, Soc. p. 435, pL xli. figs. 4~(>. 
Btmecm, 1883, Jotirn. Linn. Soc. voL xvi. p. 354; and 1888, 
Ann^ ^ Mag, Wat. Mist. ser. 6, voL i. pL xi. fig. 13, p. 110. 

Test thin, moderate in size ; circular or slightly pentagonal in 
tumid ambital outline, globular or prolate spheroidal. Coronal 
plates numerous. 
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Apical system small, slightly projecting ; basal plates united ; 
the genital pores at the adoral angle large or small according to 
sex ; radial plates excluded, the pore yisibie from abore; inadre- 
porite defined, openings circular ; periproct with a crowd of small 
plates each with a miliary . Coronal plates numerous, low, 
broach 

Ambulacra broad, with rows of very small plain, faintly crenulate 
tubercles placed so as to leave a more or less definite median 
space, where there are pediceliarim but no primary tubercles. 
Poriferous zones wide, with or without miliaries and secondaries ; 
pores ill oblique triple pairs, close vertically, the innermost pair 
is the adoral of a triplet. Plates numerous, compound j consisting, 
when large, of a large adoral primary plate, a small middle denii- 
plate, and a larger aboral demi-plate, which sometimes, especially 
abactinally in the test, becomes a primary plate. 

Interradia vdth low broad plates ; tubercles resembling those 
of the ambulacra, varying in vertical number and obliquity ; a 
greater or less bare median space. 

Sutures of both areas visihle, narrow ; minute shallow pits at 
the median angles, and sometimes along the median sutures ; 
ornamentation plain, or of vertical zigzags of broad lines or of 
curved lines crossing the median area. Powelling abundant. 

Peristome variable in size, usually small ; branchial incisions 
small. Perignathic ridges low, processes slender, high ; foramen 
triangular or broad. Spines slender, short, striated, distant. 

Beeent Aiistraliaii and New Zealand seas, Fiji. (Cape of 
Good Hope?) 

AmUu^imemtes griseus is a very erratic species ; and it is evident 
that A. Agassiz is correct in relegating A. i)entagom^s to a 
separate genus. 

Genus Goxiopheitstes, gen. nov. 

Test thin, nearly globular, but pentagonal in circumferential 
outline, the ambulacra projecting beyond the concave interradia. 
Coronal plates high and few. 

Apical system delicate, with the^madreporite in a large basal 
plate; other basals pointed, narrow, pentagonal ; some radial plates 
enter the ring. 

Ambulacra with two vertical rows of plain primary tubercles, 
with raised serobicules ; median spaces more or less bare; pori- 
ferous zones narrow ; pairs of pores in triplets. 

LIKK. JOTON. — ZOOLOaV, YOU, XXIII. 8 
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Interradia with tubercles resembling those of the ambulacra. 
Peristome small. Spines of primaij tubercles of great size. 

Me cent. Mauritius. 

The above diagnosis is abstracted from the description of the 
solitary specimen of Amhl^pneustes imitagonus^ A. Agassiz 
(Eevision, p. 482). 


G-eniis HoLOPis'ErSTES, Agassiz, 1841, EeJi. viv. etfoss., Vahniin, 
Anat, Gen. EcJt,, Preface, p. 9. A. Agassiz, 1872-74, Meci- 
siofi, p. 4S3. Bell, ISSO, Froc. Zool Soe. p. 439. Duncan, 
18SS, Ann, 4* Mag. Mat, Mist. ser. 6, vol. i. pi. xi. figs. 14-16, 
p. 117. 

Test moderately stout or thin, globular or prolately spheroidal, 
OF subcoiiical above the tumid circular ambitus. Interradial 
coronal plates numerous ; ambulaeral plates very numerous. 

Apical system projecting, stout ; basal plates broad, suboqtial ; 
radial plates excluded, the pore visible from above. 

Ambulacra broader than the interradia; and the poriferous 
zone usually broader than the interporiferoiis area, slightly de- 
pressed, with secondary tubercles and granules ; pairs of pores 
close vertically, irregularly distant horizontally, triserial or poly- 
serial ; an inner and an outer regular verlical series of pairs, and a 
confused middle series. The middle series of pairs of pores are in 
the aboral components of as many compound plates ; the pairs of 
the outer vertical row are those of middle component plates, and 
the inner series of pairs are placed in adoral primary compo- 
nents which are often excluded from the amhiilacro -interradial 
suture. 

Tubercles of the interporiferous areas small, plain, variable in 
nimiber, more or less median space exposed. Interradia with 
transverse row^s of primaries and secondary plain tubercles ; median 
area variable. 

Sutures sunken, linear ; pits at the angles small, but distinct, 
shallow ; plates dowelled. 

Peristome small, pentagonal, with small but distinct branchial 
incisions. Spines short, striated, may be sw^ollen at the free 
end. 

Mecenf. Australian seas. 

The next genus links the Temnopleuricte and the Echinidse, 
but it is placed as incerfce sedis. 
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Genus GEAMMEcriTm'SjDz^/^efm Slaclen, 1SS5, Fnl. Lid. ser. siv.j 
Monofjr. Tert. LcJiin. Kaclili cf* Kcittijwm\ p. 82, pL xiiL 

■ figs, 7, 8. 

Test moderately large, thin, rather depressed, swollen at the 
circular aiiihitiis, conical above, fiat and incurved actinalljn 

Apical system ? 

Ambulacra with pairs of pores in triplets, from apex to peri- 
stome ; plates low, narrow^, composed as in the Eehinidm ; tuber- 
cles small, tlie vertical series nearest the pores the largest, in oue 
or three rows, plain. Iiiterradial plates long and low, not twice 
the height of an ainhiilacral plate, carrying from one to eight 
primaries, in vertical rows, the middle row' the largest, all slightly 
larger than those of the ambulacra, imperforate and non-creiinlate; 
secondary tubercles in lines above and below the primaries and 
close to the horizontal sutures, forming ridges, with tlie line of 
the suture depressed betw'cen those of consecutive plates. Yer- 
tieal narrow ridges extending dorsally and actinaliy from each of 
the large middle vertical series of tubercles to the transverse 
edges of their plates. 

Peristome large, rather pentagonal ; ambulacral margins only 
moderately wide and plain ; branchial incisions distinct, with a 
raised border. 

Fossil. Miocene : Asia (Kattywar), 


IV. 


The Family Echinometridie and its Subfamilies and Genera. 
The Family Echinidm and its Genera. 


VIIL Family Echihometbib 1855, amended hy 

A. Ayassiz^ 1872, Revision, p. 423. 

Eegnlar ectobranehiate gnathostomes, with heteropodons or 
sub-heteropodous tentacles ; test with the long axis not coinciding 
with the antero-posterior, and the compound ambulacral plates 
with three or more pairs of pores 5 or the test symmetrical and 
polyporous. Pyramids of jaws with epiphyses ; teeth keeled. 

Subfamily F eh i n 0 m e t r inm (x^. 1 16) . 

Large tests, the long axis transverse to or forming small angles 
with the antero-posterior. Ambulacral plates with from three to 
nine components, each with a pair of pores. 


S# 
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Genus Heterocentrotiis, 

Colohocentrotns . 

EcMnometra. 

Stornopneustes, 

Parasalenia. 

S ubf aniily Polyp or i 7icd (p. 121) , 

EcliiiionietridjE witli symmetrical tests and liaving nimieroiis 
pairs o£ pores. 

Genus Strongylocentrotus. 

SjjJinBr echinus, 

EcJdnostrepJms, 

Pseiidoboletia, 

Enrypneiistes. 

JSolopneustes. 

Subfamily Eclii n omet r in 

Gremis HETEEGCEi^TEOTrs, Brandt (subgeniis), 1834-35, Prodr. 
Peso. Anim. p. 265 ; Bee. d. Aefes de VAcad. St. Pitersl. 
{AidUions\ 1834-35. A. Ayassiz^P^7%, Bemsion^ p. 427. 
Loren, 1874, Piudes, p. 26. J. Bell, 1881, Proc. Zool. Soe. 
p. 420. Be Loriol, 1SS3, Pcli. de Vile Maurice, p. 85. Loven, 
1887, Pell, descr. hj Linnceiis, p. 150. 

Syn. Cidaris (pars), Klein ; Pcliimis (pars), Linnans ; Aero- 
cladia, A. Agassiz, 1846. 

Test large, tMck, elliptical in marginal outline, snbbemispbe- 
rical aboTe, conrex actinally, and concave from side to side 
there; elongate transversely, tbe antero-posterior axis being 
shorter than the transverse, which pa>sses through ambulacra II. 
and lY, 

Apical system raised ; periproct small, slightly elliptical ; the 
right anterior basal plate with a large madreporite ; all basals 
tnberculate ; radial plates excluded, tumid, perforated near the 
adoral edge; periproetal plates stout, spined; anal plates small 
The genital pores are sometimes in the interradia. 

Ambulacra broad, straight, wide at the peristome j interpori- 
ferous area narrow at the peristome, broad at the ambitus, and 
diminisbing greatly in breadth abactinally ; large plain tubercles 
actinally and at the ambitus, replaced abactinally by irregularly 
placed rows of secondary tubercles. Poriferous zone wide acti« 
, nallj, nearly touching at the median line abactinally, more or less 
broken up by tubercles. Plates compound, high, with as many 
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as nine components eacb perforated by a pair of pores ; tlie aboral 
plate a small primary, tlie adoral a large primary, all tlie otliers 
deiiii-plates ; pairs of pores poly serial actinally. 

Interradia with few coronal plates, rery narrow aetinally, each 
plate with a large plain tubercle resembling the ambiilacrai, 
diminislimg in size fi^om the ambitus ; secondary tubercles 
abundant. 

Peristome large ; branchial incisions broad ; perignathic girdle 
well developed. Jaws with a tall narrow foramen ; teeth keeled. 
Buccal plates large, spined, and with pedicellaria?. Spines veiy 
large, stout, long, flat, oar-shaped, or triangular in transverse 
section ; secondary spines short, either forming a pavement around 
the primaries Avith their inflated ends, or sharp and pointed in 
the same position. 

Becent. Eed Sea to Sandwich Islands, Piji, Maimtius, Java, 
Ilew Caledonia, A.tistralia. Of late years one species, ET. mamih 
latm^ lias made its way from the Eed Sea, zid the Suez Canal, 
into the Mediterranean. 

Genus CononocEjS^TEOTUS, Brandt (siibgenns), 1834,Procl/\ Bezc, 
Anim. p.266; Bee. d. VActes de VAcad. St. Feterdb. (Ad- 
ditions), ^ 1834-30. A* Ayassh, 1872-74, Bevkion, p. 423. 
Lomi, Etudes, 1874, p. 26 ; 1887, Eeh. deser. ly Linnmus, 
p. 158. /. Bell, 1881, Broc. Zool. Soe. p. 421. 

Syn. EeJimus (pars), Linnmus ; Cklaris (pars), Leske ; EcM- 
nometm, Gray, 1825 ; Bodophora, Agass. 

Test thick, moderate in size, eEiptieai or suheireular in rather 
tumid marginal outline, siihconieal, tumid, or depressed hemi- 
spherical ahactinally ; more or less concave, wdth a comparatively 
fiat surface actinally ; elongate transversely ; the antero-posterior 
axis is shorter than the ti’ansverse, which passes through amb. II. 
and IV. 

Apical system central ; periproct small, with small pilates ; basal 
plates large, with primary and secondary tubercles upon them ; 
radial plates excluded, small, with a tubercle, and the pore largo 
and adoral. 

Ambulacra straight, very broad actinally ; plates high, com- 
posed of a small ahoral primary, a large adoral primary, and from 
three to many intermediate smaE demi-plates j poriferous zones 
wide, and containing arcs of many pairs of pores separated and 
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confused Ijy the presence of tubercles ; polyserial at the actinal 
surface, and forming broad areas there. Primary tubercles 
as elsewhere, plain, in vertical rows, smallest in the poriferous 
zone and largest at fclie margin, becoming minute and close 
actinally. Tentacles beteropodoiis. 

Interradia broad, but very narrow aetinallj, with several ver- 
tical rows of primary tubercles, largest at the margin, and very 
small and close actinally. 

Peristome polygonal, broad anteriorly, with decided branchial 
incisions. Perignathic girdle well developed; ridges long and 
low ; processes tall, slender, with a top piece, foramen large. 
Jaws large, with a very long foramen; teeth keeled. Peristo- 
mial membrane plain, but with ten small, spiiied buccal plates. 
Spines abactinally forming a pavement-like sur&ce, short, hexa- 
gonal or globose at the end, some larger, longer, flat-ended, and 
projecting slightly at the ambitus ; actinally short, and either 
stout or slender, cylindrical and pointed. Intermediate cylin- 
drical and small spines may or may not exist between the abactinal 
series. 

Meeent. Zanzibar, Java, Sandwich Islands, Australia. 

Genus Eohihometea, Eondelet, 1554, Be Fisc, Marin, p. 578. 
LuiJcen^ 1863, Vidensk* Med. f„ Mat. For, i Kjohenli,, pub. 
1864, p. 80. A Agassiz, 1872-74, Revision, pp. 282, 43 L 
Loren, 1872, Etudes, p. 26 ; 1887, Ech descr, hg Limmts, 

■ p. 153. 

Syn. EcUnm (pars), Linn^us, 1758; (pars), Leske, 

1778 ; Seliocidaris (pars), Agass., 1847. 

Test moderate in size, stout, elongate elliptical in marginal out- 
line, tumid dorsally ; tumid between the margin and the large 
peristome, the whole actinal surface concave; iinsymmctrical ; the 
longer axis, which passes through amb. L and interradiuni 3, 
does not coincide with the antero-posterior or transverse diameter 
of the test and is oblique. 

Apical system central; basal plates tuberculate, tbe madre- 
porite in the right anterior plate ; radial plates small ; periproct 
elliptical, its plates small, numerous. Coronal plates numerous. 

Ainbiilaera straight; poriferous zones moderately broad, 
the 5 to 9 pairs of pores being in bold ares ; plates high, and 
composed of a large adoral and small , aboral primary and all 
the others intermediate deini-plates. Tentacles heteropodous. 
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Tubercles jilaiii, and smaller and less numerous tlian tliose of 
tbe interradia. 

Interradia broad at the ambitus, narrow at tbe peristome, with 
several vertical rows of large plain primary tubercles. 

Peristome large, pentagonal; brancliial incisions broad. Peri- 
guatliic girdle well developed ; processes tall, witli a large arcb. 
Jaw-pyramids stout, with a large tall foramen and epiphyses; 
teetli keeled. Actinal membrane with spine-bearing buccal 
plates. Spines of primary tubercles moderately long, stout, 
faintly longitudinally striated, semi-solid, becoming suddenly 
slender and sharp, with a milled ring. 

Becent. Pacific coast of Central America nortli to California 
and south to Peru ; Zanzibar, Eed Sea, Mauritius, Seychelles, 
Japan, Philippines, Sandwich Islands, Piji, Senegal coast, Cape 
Yerd, Bermudas, Caribbean Sea, Gulf of Mexico. 


Genus Stoxiopkeitstes, Agcmk^ 1841, Momgr. Bch. vh. etfoss, 
livr. 1, Fref. p. x. A. Agassiz, 1873, Fevision, p. 436. 
Martin, 1880, Fev. Foss, Fell, Java {Notes Legd, Mus,). 
Stewart, 1880, Joimi, Fog. Micr. Boc, vol. iii. p. 911. 
J. Fell, 1881, Froc. ZooL Soc. p. 445. Fe Loriol, 1883, Fch, 
de Vile Maurice, p. 32. 

Syn. Seliociiaris, Desm. 1846. 

Test moderate in size to very large, stout, circular or elliptical 
in the tumid marginal ontline, swollen dorsally, but depressed ; 
actinal surface Hat. The antero-posterior axis of the test is 
oblique and forms a greater or less angle with the long diameter. 

Apical system with a large madreporite : basal plates form- 
ing a narrow ring, with a secondary tubercle on each plate. 
Periproet large, with numerous plates with small tubercles. 

Ambulacra straight, broad at the ambitus and at the peristome ; 
poriferous zones narrow abaetinally and wide aetinaliy ; the pores 
in arcs of three pairs dorsally, and crowded and triserial below 
the ambitus, and interfered with nearly throughout by small 
secondary tubercles or granules. Interporiferous areas with two 
vertical rows of large, imperforate, plain, primary tubercles, and 
several rows of secondary tubercles and miliaries, some entering 
the poriferous zones, diminishing at the peristome, where the 
areas are narrow. Spicules of the tentacles very large* 
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Interradia "with a linear grooYe in the median line, broad above 
the ambituSj narrow at the peristome, with two principal vertical 
rows of primary tubercles resembling those of the ambulacra in 
structure, but larger, diminishing, however, in size actinally and 
dorsally. There are also two rows of smaller primaries, smallest 
actinally, 'which reach some distance above the ambitus, with 
small secondary tubercles and granules irregularly distributed. 

Peristome small, pentagonal, with moderately large branchial 
incisions. 

Spines various, but moderate in length, stout, tapering, sharp, 
solid, finely striated longitudinally ; a prominent milled ring. 
Ophiocephaloiis pedieellarim abundant, large, their jaw-processes 
much dentate j gemmiform pedicel! arim probably absent ; tridac- 
tyle pediceilarim abundant. 

I'ossiL Tertiary : Java ? 

Mecent. Mauritius, Java, Samoa. 


Genus Paeasalenia, A. Agassiz, 1863, Bull, Mus. Com}). ZooL 
vol. i. p. 22 ; 1S73, Mevision, p. 43o. Stewart, 1880, Jottrn, 
Eogal Micr. Soc, vol. iii. p. 910. 

Test moderate in size, stout, elliptical, tumid, uns jm metrical, 
the long axis passes through amhulacrum I. and interradiuni 3, 
and is oblique to the antero-posterior axis. 

Apical system large, prominent. Basal plates large. Periproct 
small, with four triangular plates ; anus at their inner points. 

Aiiihulaera with two wertical rows of plain primary tubercles, 
not reaching the apical system ; pairs of pores in arcs of three 
pairs. 

Interradia '^vith a small number of coronal plates, carrying two 
vertical rows of plain primary tubercles resembling those of the 
amhiilacra. 

Peristome large ; branchial incisions slightly raised ; buccal 
plates with spinules. Jaws witli a lugh foramen; teeth keeled. 
Spines stout, cylindrical, pointed, moderately long. 

Pedicellarim few, the gemmiform without a secondary solid 
fang. Tridactyle pedicellarite delicate. 

Meeent, Zanzibar, Kingsmiii Islands, Bonin Islands. 
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Subfamily Foly^orinm (p. 116). 

Grenus Stbongtlocinteotxts, Brandt^ 1834, Broch\ Bescr. Anim., 
Bee. des Actes de VAcad. St. Betersl. (Additions)^ p. 265. 
Lodeii, Mudes, 1874, p. 21 {as Toxopiieustes). A. Agcmi^^ 
1872-73, MeviBion^ pp. 276 & 438. 

Syii. LoxecMmis.^ Desor, 1858 ; Toa^opneustes^ Agass., 1841 
(pars) ; Seterocidaris^ Desm., 1846 (pars) ; Toxocidaris^ A. Agass., 
1868 ; Antliocidaris^ Liitk., 1864 ; Bureelimus^ Verr., 1866. 

Test moderate and large in size, broader than high, circular or 
subpentagonai in tumid ambital outline, swollen, subconical, 
depressed dorsally, slightly tumid around the actinostome. Co- 
ronal plates numerous. 

Apical system large ; madreporite large, in the usual basal plate, 
which is the largest ; other basal plates unequal in size, all with 
some small secondary tubercles; radial plates broad adorally, 
some entering the periproctal ring. Periproct subcircular, with 
numerous crowded, minutely tiihereulate plates. 

Ambulacra straight, broad at the ambitus and peristome ; 
poriferous zones broad ; pairs of pores in oblique arcs, or almost 
ill transverse, slightly bent series of from four to eight or ten 
pairs, polyserial and crowded actinally. Plates high, compound ; 
the adoral component a large primary plate with its pair of pores 
the remotest from the interradiiim ; the aboral plate a small 
primary with an oblique adoral suture, its pair of pores not 
quite so remote from the interradiiim as the adoral pair; other 
plates demi-plates, with their pairs of pores gradually dimi- 
nishing in distance from the interradium, from above actinally. 
Interporiferoiis area with two vertical rows of imperforate plain 
noii-scrohiciilate primary tubercles, wide apart at the ambitus, 
narrowed and close and small actinally ; vertical rows of secon- 
daries and iniliaries between and at the sides, some intrudins: 
upon the poriferous zones and separating the arcs more or 
less. 

Interradia with high ambital and low actinal plates; two 
vertical rows of primary tubercles similar in structure to, but 
larger than, those of the ambulacra, and four or more vertical 
rows of secondary tubercles ; granules somewhat regularly placed ; 
areas much narrower actinally than those of the ambulacra. 
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Peristome small, sunken, polygonal ; braiicliial incisions well 
cleYeloped, with everted edges. 

Perignathic girdle with high ridges and liigli oblique pro- 
cesses forming a tall arch. Jaws tall ; foramen large, tall, closed 
above ; teeth keeled. Eiiccal membrane with ten plates with 
tentacles and pedicellarise. Spines short, sharp, cylindrical, taper- 
ing, longitudinally striated. 

Fossil, Late Tertiary and (?) Miocene : Europe and ximerica, 
J ava. 

Beceut. European seas, world-wide; shallo-w, to 45 fathoms 
or more, 

Genus SpHiEBEcnmis, Besor, 1858, Synopsis, p. 134. A. Agassiz, 
1873, Bevision, p. 451. Hamann, 1886, Sonder-Ahdr. aiis d. 
Sifzwigsh, d, JenaiscF Ges.filr lied, tmd Waturto. 

Test moderate or large, globular, spheroidal, or depressed, 
flat actinally. Coronal plates numerous, low and broad. 

Apical system prominent ; periproct large, plated ; basal plates 
forming with all or some of the radial plates a rather narrow 
ring, carrying secondary tubercles and iniliaries, those on the 
plate with the niadreporite most numerous. 

Ambulacra straight, wide; pairs of pores in arcs or oblique 
lines of from four to eight pairs, with small tubercles or gra- 
nules interposing or separating the series ; pairs poly serial acti- 
naliy ; interporiferous areas with two to six vertical rows of plain 
imperforate primary tubercles, slightly smaller than or equal to 
those of the interradia. 

Interradia broad, wuth from two to twelve vertical rows of 
primaries plain and imperforate, large, with horizontal rows of 
secondary tubercles and miliaries. 

Peristome small, decagonal, with deep, long branchial incisions ; 
buccal membrane with plates, in relation with the ambulacra, and 
carrying pediceilarim and large tentacles. Perignathic girdle 
slender, with low stout ridges and slender processes and a large 
arch. Spines stout, short, erow'ded. “ Globif era ” pedicel larim 
present and large. 

Fossil. Pliocene : Europe. 

Meeent. Mediterranean, Canaries, Australia, Mauritius, New 
Zealand, Japan, and the China seas. 
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Greniis Ecjufosteephus, A. Agassiz, 1868 , Bull Mus. Com^. 
ZooL voL i. p. 20 ; 1873 , Bevismi, p. 457. Siewarf, 1880, 
Journ, Bo^, Mior. Soc, vol. iii. p. 909. Be Loriol^ 1883, 
BcJi. de Vile Mcmrice^ p. 31 . 

Test moderate in size, circular or j>eBtagonal in tumid ambital 
outline, tarban-sbaped, but depressed above and widest there, 
flat below. Plates rather numerous, high actinallj, low and 
broad dorsally. 

Apical system circular, large ; the ring narrow ; basal plates 
equal and large ; the radial plates small and wedged in between 
the basals, but excluded; periproet polygonal, and with large 
and small |)lates. 

Ambulacra with rather broad poriferous zones ; pores in arcs 
of three or four pairs ; interporiferous area with two rows of 
Yertically placed, imperforate and plain, primary tubercles flanhed 
by a vertical row of smaller tubercles placed near the pori- 
ferous zone ; median area with secondary tubercles and miliaries, 
arranged more or less around the primary tubercles. 

Interradia broad, with six to ten vertical rows of uniform, 
imperforate, plain primary tubercles resembling those of the am- 
bulacra, diminishing in size and number away from the ambitus; 
miliaries and secondary tubercles scattered actinaily, arranged 
around the primaries dorsally. 

Peristome circular, with small branchial incisions ; buccal mem- 
brane with plates in continuation with tlie ambulacra, carrying 
pedicellarim and tentacles ; the rest bare. 

Perignathic girdle with low ridges and well-developed pro- 
cesses. 

Spines moderate, tapering, cylindrical, stout, sharp, longest 
dorsally. 

Becent, Pacific Ocean, Society Islands, Zanzibar, I^fatal. 

Genus Psexjdoboletta, Troseltel, 1869 , Verlmndl d. BafurJiist. 
Ve)\ preuss. Bheiiil. it-, Wesfffdens^ ser 3, vol. vi. p. 96, pL 26. 
A. Agassiz^ 1873, Bemsion, p. 454. B Bell^ 1881, Broe. ZooL 
SoG, p. 433. Be Loiiol, 1 SS 3 , Bch, de Vile Maurleej p. 28. 

Test moderate and large, circular in tumid ambital outline, 
much broader than high, subeonieal, depressed dorsally, and fiat 
actinaily. Coronal plates numerous, low and broad. 

Apical system small, with the basal plates unequal in size, 
madreporite in the largest; two' postero-lateral radial plates 
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separate basals and enter the ring, Periproct small ; plates 
uniform in size except close to the anus, where they are small, 
tnbercxilatecL 

Ambulacra straight, broad, with four to six rows of primary 
tubercles, plain and imperforate, wdtli circles of granules around 
them, scarcely smaller than those of the interradia, all but the 
external series disappearing towards the apex ; poriferous zones 
broad, with small tubercles between the pairs. Pairs of pores in 
arcs of four pairs or triserial ; the inner row consists of adoral 
pairs in the adoral primary plates of the compound plates ; 
the outer vertical row consists of series of two pairs closely 
superimposed, and separated by a tubercle, they are in middle 
demi-plates ; the middle vertical row has its pairs separated by 
a tubercle, and they are in the aboral demi-plates. 

Interradia with many, from 9-14, vertical rows of primary 
tubercles, similar in structure to those of the ambulacra, dimi- 
nishing to two vertical rows abactinally ; an irregular median 
area without tubercles; scrobicular circles large; miliaries 
parallel to the horizontal sutures, and vertically between the 
tubercles ; secondary tubercles scattered irregularly. 

Peristome large, flush, decagonal, with broad and deep bran- 
chial incisions. The buccal membrane with ten large plates with 
spines, pedicellaria?, and tentacles, also other spiniferous small 
plates. Spines short, sharp, finely striated. 

Eecent Sandwich Islands, Philippines, Mauritius; shallow 
water. 

Genus Euetpnehsteb, Duncan Bladen^ 1882, Dah Ind, ser. xiv., 
Foss. Fell, W, Bind, pt. ii. p. 45. 

Test large, subconical, depressed. 

Ambulaeral areas very broad, only rather narrower than the 
interradia. Poriferous zones broad, and the pairs of pores tri- 
serial. Plates very low and numerous, composed of five or six 
component plates, very close vertically, the adoral plate a very 
low primary, its pair of pores being near the interporiferous 
area; the other plates demi-plates, or sometimes the aboral 
component is a primary ; the successive pairs have a tendency to 
be close to the one immediately above, and then to be distant, 
but the inner and outer rows are fairly persistent, and the 
middle variable, in position. Two vertical rows of small crenu- 
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latGj imperforate tubercles in eacb interporiferoiis area near tlie 
poriferous zones ; small tubercles or granules near tbeni amongst 
the pairs of pores. 

Interradia with two or more vertical rows of small crenulate 
tubercles diminishing in number actinallj. Miliaries numerous. 
Fossil. Eocene : W. Sind, Asia. 

G-eniis JSoLOPKETJSTES, Duncan and Slaclen, 1882, Fal, Iml 
ser. xiv., Foss. Fell, W. Sind^ pt. ii. p. 47. 

Test large, tumid, subcircular or siibpentagonal hi outline, 
subconical depressed abactiually, flat actinallj, with a slightly 
depressed peristome. Twice as broad as high. 

Apical system wanting. 

Ambulacra broad, more than half of the breadth of the inter- 
radia at the ambitus, slightly prominent in conti’adistinction to the 
interradia, which are sunken along their median lines. Poriferous 
zone broad dorsaliy, narrow at the peristome ; abactinally the 
pores are in almost horizontal arcs of five or six pairs, and are 
very regularly and closely placed ; below the ambitus the niiniher 
of pairs in each arc diminishes, the arcs straighten vertically, 
and the series of pairs become less oblique and almost uni- 
serial, and are quite close to the peristome. ” The ambuiacral 
plates are nearly as high as the corresponding iiiterradial 
plates and are compound ; the composition of a plate halfway 
between the peristome and the ambitus is a low broad adoral 
primary plate, followed aborally by a large primary which 
is low near the ambulacro-interradial suture and expanded 
elsewhere, and comprises all the median sutural edge of the 
compound plate except that adoral portion which, belongs to 
the small adoral primary component ; above tlie large primary 
is a small demi-plate, and the aboral plate of the combina- 
tion is also a clemi-plate, but is larger than the other, and has its 
adoral suture convex towards the primary tubercle of the com- 
pound plate. In some compound plates tlie low adoral primary 
is replaced by a small low demi-plate, with its aboral suture convex 
towards the primary tubercle ; and in these instances the compo- 
sition of the plate is mainly that of Dkidema. Close to the 
peristome the adoral and aboral plates are low primaries. The 
pairs of pores are close and round. Interporiferous areas with a 
vertical row of small crenulate primary tubercles raised above the 
test and large and small granules. 
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Tlie interradia liave niiinerous low broad plates, soinewbat wavy 
ill sutural outline, depressed near tlie median line ; two vertical 
rows of primary tubercles resembling tliose of the ambulacra, 
but sliglitly larger, and two other rows of smaller tubercles wMcli 
dimiiiisli in number remote from the ambitus ; numerous distant 
large granules. 

Peristome small, sunken ; branchial incisions with rounded edges 
and rather large. 

Fossil, Eoceue : W. Sind, Asia. 

IX. Eamiiy EoHiHinjE. 

Eegular ectobraiichiate gnathostomes, having tests with equal 
diameters, and with homoiopodous tentacles. Ambuiacral plates 
compound, with three pairs of pores, wdneh are arranged in high 
or low ares of triplets. Coronal plates without pits and grooves, 
and their opposed surfaces qilaiii. Jaw^s with epiphyses teeth 
keeled. 

Genus Echinus. 

Subgeniis Tsammeclnnus. 

Genus Sth'eckinus. 

Gly 2 )techinus. 

Leiopedina. 

Hypechinus. 

Toxopmustes. 

Boleiia. 

Genus Tripneustes. 

Suhgenus Evechinus. 

Incertse sedis ; Prionechimis. 


Geiins Echihus, Eoiidelet,De Fisc* Marin, 1554. Lister, 1678, 
Amm. A7ig. p. 169, pi. S. fig. 18. Lhmeus, 1752-64, Mas, 
Ziid.-Ulr. (pars). Ar/assiz, 1841, Monogr, FFck viv. etfoss.^ 
Fref. to Valentin^ Anaf. Gen. Fekin. p. 2. I)eso}\ 1858, 
Synopsis, p. 123. A. Agassiz, 1S72-4, Bemsion, pp. 293 & 489. 
Zoom, 1SS7, Fell, descr. ly Zinn. pp. 49 & 61. 

Test varying in size, small, moderate, to very large, tumid at 
the circular or suhpentagonal ambitus, suhhemispherieal, sub- 
conical, or tumid dorsally, flat or slightly tumid actinally, tall and 
short. 
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Apical system eitlier compact, or some radial plates separating 
some basal plates ; iiiadreporite in the largest basal. Tlie oval 
or circular periproet with numerous plates, smallest near the 
anus. 

Ambulacra narrow to moderately wide, straight ; poriferous 
zones narrow, pairs in more or less rertical ares of triplets, the 
innermost pair the adoral of the three, and in a primary consti- 
tuent ; the other pairs in demi-piates, or the upper member may 
be a low primary. Interporiferous areas with two rows of sinali, 
plain, primary tubercles, placed vertically, with or without irre- 
gularly placed secondary tubercles aud primaries. 

Iiiterradia with two vertical rows of tubercles resembling 
those of the ambulacra, or slightly larger, with few or numerous 
rows of secondary tubercles and miliaries, or a considerable 
number of small tubercles diminishing in number abactiiially ; 
tubercles most numerous below the ambitus. 

Peristome rather small, nearly circular ; branchial incisions 
not largo ; pcnl gnathic girdle w^ell developed, processes tall and 
arched. Jaws high ; foramen of the pyramid high and arched 
by epiphyses ; teeth keeled. Buccal membrane with ten buccal 
plates with tentacles and small spines ; some may have numerous 
buccal plates w'ith a corrugated aspect. Tentacles honioiopodous, 
disci "erous. Spines either very short relatively or moderately 
long, striated, sharp, more or less swollen at the base. 

Fossil. Cretaceous to Pliocene and Post-Pliocene: Europe. 
Pliocene: England. Tertiary: Asia. 

Meeent^ World- wide, littoral to 2485 fathoms. 

The genus Fsdmmeeliinm^ Agass., 1846, Catal. Eais,, Ann. cL 
Sci. ITat. Tol. ri., and Desor, 1858, Synopsis, p. 118, really differs 
from the typical Foliini in having the buccal membrane with 
concentric plates besides the ten buccal plates ; but palsBonto- 
legists have usually termed those species of Bclivnm which have 
numerous subequal tubercles PsammecMmis. The size of the 
branchial incisions doe^s not afford a generic distinction. Besor 
w^as not warranted in comparing the buccal and other plates 
with those of Oidaris. It is certain that some Fcliini with few 
tubercles, as well as others with many, have the peristomial 
membrane with numerous plates ; and thus the distinction 
relied upon fails. At the most Fsammeoldmis is a snbgenus of 
FcMnus; and the sole structural character refers to the peri- 
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stomial meiiil)raiie witli its numerous plates. Practically tlie siil)" 
geiiiiB is of no great value 

Genus STiEECHmus, Besor, 1858, S^nojysis, p. 181. 

Test tall, circular at tlie tumid ambitus, subconical dorsally, flat 
actinally. 

Apical system ? 

Ambulacra moderately broad, with high compound plates ; tlie 
pairs of pores in arcs of triplets, the adoral plate of the com- 
pound a large primary, the median plate a clemi-plate, and tlie 
aboral a low oblique primary jilate. Two vertical rows of imper- 
forate, plain, primary tubercles, large, and eacli situated upon a 
rising of tlie plate, so as to give a keeled appearance to the ambu- 
lacrum beneath the bases of the tubercles. 

Interradia with two vertical rows of tubercles resembling those 
of the ambulacra, and situated on raised keel-like projections. 
Sutures distinct. Yariable rows of secondary tubercles and 
miliaries. 

FossiL Pliocene : Europe. 

Genus GnvpTECHiBUS, Be Loriol, 1873, Fell. CreL cle la Suisse, 
FaL Suisse, les Oiirsms, pt. ii. p. 169, pi. xi. 

Test small, circular in outline, tall, subconical or subhemispbe- 
rical dorsally, flat actinally. 

Apical system wanting. 

Ambulacra straight, moderately broad ; the poriferous zones 
with the pairs of pores in arcs or triple oblique series ; the plates 
compound, as in FeJiinus ; the interporiferous areas with two 
vertical rows of plain tubercles, placed near the poriferous zones j 
some secondaries at the ambitus, and granular throughout. 

Interradia depressed along the median sutures, with two ver- 
tical row's of plain tubercles resembling those of the ambulacra ; 
each row is on a raised vertical keel, situated in the middle of the 
plates j several row’s of secondary tubercles. The transverse 
sutures of the interradial coronal plates, which are moderately 
numerous, grooved decidedly. 

Fossil. Cretaceous : Europe. 

The alliance of this genus is with the Tertiary StwecJiimis* 

* On p. 91 it was noticed that 3£icro2)sis Fidali, Cott., was a Fscmmechinits 
with crenulatc and perforate primary tubercles. This carries tlie suhgenus back 
in time considerably. 
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G-eiius Leiopedia'a, Cotteaii^ 1S6G, Me}), et Jlag. de Zool. *er. 2, 
Tol. XTiii. p. 206. (Amended.) 

Sjn. CIirgsomeloH^ Laiibe, 18895 Eeli. Yineent. Tert., Denks. d. 
k. Akad. Y^iss. Y^ieu, 2 Akth. p. 13. 

Test large, swollen, prolate splieroidal or glokiilar, siikconical 
dorsaliy, broadest beneath the equator, and sub pentagonal or 
circular in marginal outline. 

Apical system central, small, hush. 

Ambulacra long, straight, very broad ; poriferous zones broad, 
with A'ertically close, triserial pairs of pores almost horizontal ; 
usually the pair nearest the iiiterporiferoiis area the largest, the 
pores- of it being elongate, those of the other pairs circular. 
Plates very numerous, low, broad, compound, composed of a large 
adoral primary plate, a median deini-plate, and a very low aboral 
primary plate. The adoral and aboral pairs of pores of a triplet 
remote from the interradium ; the median pair in the denii-plate, 
close to it. Tubercles of the interporiferous areas small, distant, 
finely perforate, plain, subscrohiciilate, in two, distant, vertical 
rows. Granules between the tubercles homogeneous. 

Interradia broad, with two vertical rows of tubercles similar to 
those of the ambulacra, with intermediate granules, some of which 
may have mamelons near the apical system* 

Peristome small, siibeii'cular, flush ; amount of branchial incision 
variable. 

FoBsil, Eocene: Europe. 

G-enus HxPEOHijirirs, Besor, 1858, Synopsis^ p, 130, pL xviii. 

Test moderate in size, tumid at the eii*eiilar ambitus, nearly 
hemispherical dorsaliy, but slightly depressed. 

Ambulacra with wn.de poriferous zones ; pairs of pores in oblique 
tiiple series; plates lown compound; the median pair of pores 
being in a demi-plate, and placed nearer the interradial suture 
than the other pairs ; the adoral paii* very remote from the 
xnteiTadial suture and in a primary plate, Interporiferous 
areas with two vertical rows of small, numerous, plain primary 
tubercles, wdiich are much larger actinally than above the 
ambitus. 

Interradia with numerous coronal plates ; the primary tubercles 
imperforate and plain, in two distant vertical rows ; the tubercles 
jouEisn— zoonouXj TOE. xxm. 9 
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are larger than those of the ambulacra, and all are largest 
actinally. 

Fossil. Middle or Upper Tertiary ; ’Patagonia, S. America. 

The gen Of:; Tompieustes, Agassiz, 1841, is unsatisfactory ; and 
in order to clear away some differences of opinion regarding 
its value, it is necessary to revert to the diagnosis given in 
the Preface to Im*. 4 of ’Monogr. ffPch. viv. et fossd p. ix:— • 

Le genre Toxopnemtes a dcvS ambulaeres formes de series 
arqiiees de doubles pores, eonvergeaat vers le milieu cles aires et 
separees par des raiigees parallMes de petites j^ores. Cliaqiie 
serie arqiiee se compose de six a iicuf |)aires de pores. Vers la 
boiiehe il T eii a iiioiiis : niais elles sont plus rapproeliees. Les 
tiibcrciiles dcs series principales sont assez grands. L’ouvertiire 
inferieiire du test offre clix eebancrures peu profondes. Je preiids 
pour type cle ce genteV Feliiims tuherctilaitis ; j’en connai quelqiies 
especes ineditesf’ 

The genus had been simpjly named in livr, 2, p. 7, of the 
same work during the same year; mxd FcJiinm pileohs, Link,, 
was then decided to be the type. 

It is evident that Agassiz meant that the genus should in- 
elude pedypores ; and the word pores, '' at the close of the 
first sentence ot the definition given above, should be tuber- 
ciilesd’ The genus thus covered the same ground as Btmigijh- 
cent mt us. Brandt. 1S85. 

The reason why Ecldnus pileohis was not made the type, when 
the genus was finally diagnosed by Agassiz is tolerably evident ; 
for it is not a polypore, and is more closely allied to a Tripneustes 
than to Ecliimis tuhercuhfus. 

On reiereiice to A. Agassizes '■ Kevision,'' p, 167, the synoiiyiny 
of the genus can be seen ; and. it will be noticed that no less than 
six genera have been founded which cover the same ground. 
To.wpneiisfes did not reapipear until the date of the ' Eevision; 
and four species of it are admitted by the distinguished author— 
T. maeukitus, T. pileolus, T. semitulereulatus, T. variegatus. But 
it is a matter of fact that not one of these species has the generic 
characters defined by the elder Agassiz in the ^ MonograpMe.* 

There is therefore no such genus as Toivopneustes, Agassiz ; he 
merely gave a name, and his diagnosis did not distinguish his 
two types. In the ‘ Ee^dsio^ ’ of A. Agassiz, p. 297, there is a 
generic definition of Tompnemies which differs very materialij 
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from tliat of bis father, and which may stand for the generic 
attribute of three out of the four si)ecies admitted and just 
noticed. 2! pileolus cannot well enter, as De Loriol has shown, 
(Ech. de rile Maurice,’ p. 27). 

G-eniis Toxop^teitstes, A, Agassiz,, 1872-4, Sevisiou, p. 297, 
{Limited.) 

Kon Agassiz, 1841, Pr|f. Monogr. diBoli, tiv, et foss. liTi\ 4, 
p. ix, = Strongjlocentrotus, Bmnclt, 1835. 

Test moderate in size, circular or subpeutagoiial in tumid mar- 
ginal outline, suhcomcal, broader than high. 

Apical system well developed, some radial plates entering the 
periproctal ring or not. 

Ambulacra moderately broad ; the pairs of pores forming broad 
arcs of three pairs, rather close vertically, and the pairs of the arc 
not far apart ; the inner pairs of pores are adoral in the triple 
compound plates, which are like those of Lch’nus, Interpori- 
feroiis areas with two principal vertical rows of plain imperforate 
primary tubercles moderate in size, \Yithrows of secondaries with 
or without granules ; most tubercles at and below the ambitus. 

Interradia with several vertical rows of primary tubercles 
resembling those of the ambulacra, diminishing to two near the 
apex, granular or not. Bare median spaces variable or none. 

Peristome large, usually but not invariably with deep incisions 
for the branchiae. Jaws and teeth as in LJeMmis. Buccal plates 
and also concentric, wude, low plates in the membrane. Spines 
short, moderately stout. 

Beeent, From the coast of Brazil to Carolina inclusive, and 
the Caribbean Islands ; Bermuda ; Christmas Island ; Bourbon j 
Graiapagos ; Central (Pacific) America. 

Tompneustes pUeohts, A. Ag,y=^JScJnnm pUeoIm., Link., is a 
Boletia, 

Genus Boletia, Besor, 1858, Sgnopsis, p. 133 ; 1847, CafaL 
Bais., Anji, d. 8eL Bfat, voi. vi. p. 58. Verrill, 1S71, Motes 
on Baiiata, p. 581. Be Loriol, 1882, Ech, de Vile Mmtrice, 
p. 27. 

Syn. Toxopnemtes (pars). 

Test moderate and large, thick, suhpentagonai at the tumid 
ambitus, subconical dorsally, concave actinally, broader than high ; 
the ambulacra projecting somewhat. 


9 * 



132 


PEOP. P. H. BETISIOy OP THE 


Apical system large, madreporite large, and in the largest 
basal plate (5s o. 2) ; some radial plates enter the perij)roct» 

Ambulacra broad, with numerous, low, compound plates ; 
poriferous zones broad, the pairs numerous, close Tertically, but 
moderately far apart in the slightly inclined arcs or straight and 
horizontal series of three pairs. The plates as in TripneuBtes^ but 
slightly higher and narrower. Small tubercles in the poriferous 
zones ; iuterporiferous areas with several vertical rows of mo- 
derately large primary tubercles, diminishing in number above 
the ambitus. 

Interradia with niimerous rows of plain, primary tubercles 
resembling those of the ambulacra, diniinisliing in number 
apically. A more or less bare space on either side of the 
median ambulaeral and interradial lines near the apical system. 

Peristome large, with deep and long incisions for the branchite, 
the edges tamed up. Pediceilari^e very large. Spines small, 
striated. 

Secent. Mauritius, East Indian Islands, Pacific Islands, 
Panama. 

The alliance to Tripneiistes is close, the main distinctions 
being the shape and the concave actinal surface with its large 
well-cut peristome ; the poriierous zones are also narrower in 
Boletia and a more arched arrangement of pairs occurs, remote 
from the ambitus, where the structure of the ambulaeral plates is 
as in Tripueustes : there are no double plates, however, as in the 
fossil Triptiemtes, 

Genus Teip]VEHSIES, Agassiz, Ibll, Infrod, to livr. 2, Monopr, 
cVEgIu viv. et foss, p. 7 ; also 18-11, Mo/iop\ (TEcJi. viv. 
et foss. iivr, 1, Ereface to Fed. Anaf, iVEcli. p. viii. Eeso}\ 
1858, Synopsis, p. 182. Ziltken, 1S6S (pub. 1804), Vid 3Iec!d. 
/. Mit, For. /. Kjoh. p. 95. A. Apassiz^ 1S72-4, Eevismi, 
p. 301.^ eJi Fell, 1S79, Proc. Zool. Soe. p. 655. Pe Zorioh 
1888, Ech. de File Maurice, p. 25. Bimcan 4’* Sladm, Pul 
Imh ser. xiv., Foss. Fed. W. Sind, pt. v. p. 810, pis, IS, 49, 

S}Ti, Sippome, Gray, MSS. name, IS 1-0; SeUecMmis, Girard. 

Test moderate to very large, thin, tumid, circular or sub- 
pentagonal in outline, broader than high, often suheonieal, 
tumid around the peristome j may be depressed and concave, 
around a siinhen apical system, with or without depressed inter- 
radial median areas abactinaHy. 
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Apical system largCj madreporite large and in the usual basal 
plate ; some radial plates entering and separating basals ; peri- 
proct large, its plates numerous, small, tubereiilate, and spine- 
bearing. 

ximbiilacra very wide, nearly equalling the interradia in breadth, 
and the widest at the peristome ; poriferous zones rerj broad ; 
the pairs of pores large, triserial, very close Yertically and dis- 
tant horizontally, the inner and the outer rows Tery persistent 
and vertical, tlie middle row somewhat variable in the direction 
of the pairs of pores ; small primary tubercdes amongst the series 
of pairs ; the plates very low and numerous, broad, compound ; 
the adoral constituent with the inner pair of pores is a primary 
plate which is low in the poriferous zone, and occupies all the 
iiiterporiferoiis part of the compound plate ; the next plate above 
is a de mi-plate with the outer pair of pores, and the upper com- 
ponent is a broad demi-plate with the middle pair of pores. The 
compoimd plates may join and two produce a large one, and the 
primary plate of the upper component may be formed into a 
clemi-plate. Interporiferoiis areas with several vertical rows of 
small primary tubercles plain and imperforate. 

Interradia with veiy numerous coronal plates and many, some- 
what distant, vertical rows of primary and secondary tubercles 
resembling tliose of the ambulacra. More or less bare median 
areas in the anibiilaera, and especially in the interradia abactinally ; 
the angles of the sutures slightly pitted. 

Peristome comparatively small, with a tumid surface beyond, 
the branchial incisions large and long ; perignathie girdle with 
low^ ridges, and very tall slender oblique processes, uniting largely 
above ; arch large. Jaws high, with a large foramen, teeth keeled. 
Spines sliort, sharp, striated, Peristomial membrane with ten 
large plates and other small ones. 

MsslI. Miocene : Europe ?, W. Sind, Asia. 

Mecent. Griilf of Suez, Sed Sea, E. coast of Africa, Mauritius, 
Eodriguez, Masbate, Philippines, Japan, East Indian Islands, 
Griilf of California, Caribbean Sea to Bermuda. 


Siibgenus Etechi 2 s"US, Venill (genus), 1871, on Baiiata^ 

p. 583 ; 1S71, Trans, Connect Acad. vol. i. no. 8. A. Affassiz, 
1872-74, Beimion^ p. 502. 

Coronal plates moderate in number, the branchial incisions 
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slight. 'Few buccal plates. Tubercles rather large, with secon- 
daries ; bare median areas slight. 

Mecent. New Zealand. 

Genus incertm sedis. 

The following diagnosis is taken from the description of the 
solitary species so w’ell described by ilgassiz in tlie Eeport on 
the ^ Challenger ’ Echini : — 

G-eniis Peioa’ECHISTJs, A. Agassiz^ 1879, Froc. Amer, Acad. vol. 
sIt. p. 202; 1881, Eeport on ^Challenger' Eclmii^ p. 109, 
pis. vi, A. & xl. 

Test thin, small, circular in the tumid marginal outline, 
depressed. 

Apical system large and compact ; basal plates broad, angular, 
and with secondary tubercles on their periproctal edge ; radial 
plates large, projecting much beyond the basal plates, pore 
adorah 

Ambulacra narrow ; the poriferous zones rather broad, with 
two pairs of pores to a plate, in simple vertical series. 

Interradia with tw'o vertical rows of large plain tubercles 
placed near the median suture and sparely distributed granules 
and small tubercles. Interradia with the coronal plates only 
slightly higher than those of the ambulacra, a primary tubercle 
on each about the dimensions of an ambulacral primary, sur- 
rounded bv some seeondarv tubercles. Pedieellarise larne-headed. 
Spines prominently serrated and rather flat. 

Peristome with slight branchial incisions ; five pairs of large 
buccal plates, and only one large tentacle to a pair of plates. 
Mecent. Philippines and Australia, 700 to 1070 fathoms. 

It is impossible to place this genus satisfactorily, so it must 
remain as inoertw sedis. 
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Order III, The Holectypoida, its Sections and Genera. Order IV, The 
Olypeastroida, remarks. Family Fibnlariidie and Genera. Family Cljpeas- 
tridffi and Genera. Family Laganidm and Genera. Family Seiitellidce, Genera 
and Subgenera. Subfamily Araclminm, and Genus. 

Order III, HOLECTTPOIDA (p. 25). 

Syn. GctlerifMcB IlcliinoGon^^ aiict. (pars). 

Tills is iiie first Order of the Exocjclica, and it is a difficult 
one to classify, for tliere is much dirersity of opinion regarding 
the nature of the perignathic girdles and jaws of some genera (see 
p. 22). Some genera have all the other characters of the Order, 
but research has not decided finally upon the presence or absence of 
jaws and teeth. In other genera the perignatliic girdle is weak, 
and there are teeth ; and in two genera the perignathic girdle 
forms a strong collar and the interradial portions or ridges ” 
are wide and bent upwards and outwards from the peristome 
internally. 

The Order may be divided into two sections, and in both the 
apical system is compact, hut the number of the perforate basal 
plates differs ; the madreporite is in the right anterior basal 
plate, but it may extend back and separate the postero-lateral 
basal plates. The ambulacra are straight, flush, and apetaloid. 
The peristome is decagonal or circular, and has branchial incisions 
often well developed, or the reverse ; the peristomial margin is 
composed of tw'o plates in each ambulacrum, and double plates 
in each interradium, but the odd area may have a single plate. 
The periproct is variable in its position in the posterior inter- 
radium. Tentacles are restricted to ambulacra! plates. 

Section I.— The perignatliic xirocesses of the ambulacra present. 

Genus Holectijpiis, 

Piktis, 

Fygaster. 

Pygustndes, 

Section lI.—PerignatMc girdle with weH-developed interradial 
ridges ; anibitlacral processes rudimentary or absent. 

Genus Discoiiea, 

Siibgeiiiis Eehinites. 

Genus Conoclgpms, 


Genera iiicertse seilis : Galeropggus, P achy cly pens. 
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Section I. 

Genus Holectypus, Desor, 1842, in Agassiz^ Alonogr. d^EcJi, viv. 
et f OSS., Des GaUrit. livr, 3, pp. 62 & 63 (a group of Dis- 
coidea)* Desor, 1858, Synopsis, p. 168. Lomn, 1874, Etudes, 
pL xiv. fig. 124. Ootteaii, Feron et Gauthier, 1880, Eg1i> 
foss. de V Alger. 6 fasc. pi. vi. fig. 7. Be Loriol, 1888, Baune 
Grit, chi Fortug., Eclu yoL ii. fasc. 2, p. 69 et seq. 

Moderate-sized Urcliins with a circular, or slightly pentagonal, 
tumid ambitus ; subconical or depressed dorsally, tumid and 
more or less hollowed for the central peristome. 

Apical system small, central, with five basal plates, the fifth 
being sometimes small and without a duct-pore ; madreporite in 
basal 'No, 2. extending centrally and sej)aratmg the postero- 
lateral basals. 

Ambulacra narrow, straight, widest at the ambitus ; pairs of 
pores in simple series ; plates numerous, usually simple, small, 
low primaries, some plates compound, and a demi-plate often 
occurs aborally in some compound plates, which carry numerous 
small primary tubercles. Tubercles, small primaries in many 
vertical rows. 

liiterradia with rather large plates, many vertical rows of 
primaries, larger than those of the ambulacra. 

Peristome central, large, decagonal, with well-marked branchial 
incisions. Pyramids of jaws slender, with a large foramen; 
teeth slender, grooved (r). Perignathic girdle feeble and not 
continuous. Periproct large, pyriform, in tbe posterior inter- 
radium between the peri.stome and the posterior edge of the 
test ; its plates largest posteriorly, smallest near the minute 
anus anteriorly. 

FossiL Oolites : England, Europe, N. Africa ; Cretaceous : 
Europie, N. Africa, Asia, N. America. 

The increase of dimension of the madreporite and the presence 
of the perforation in the fifth basal are characteristic of the Cre- 
taceous species. 

Genus Piieifs, Beso7\ 1858, Sgnopsis, p. 167. - 

Large Erchiiis, pentagonal in marginal outline, tumid and sub- 
hemispherical abactinally, more or less flat actiuaily. 

Apical system central, very small, with five basal plates, the fifth 
imperforate, the madreporite in basal No. 2, and also separating 
the postero-lateral basals« 
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Ambulacra long, narrow, straight ; primary tubercles very 
small, without definite order ; pairs of pores in simple series 
abactinally, diplopodoiis towards the ambitus ; plates low pri- 
maries, but possibly compound near the ambitus. 

Peristome central, decagonal, deeply incised for the branchi^. 
Perignathic girdle present (ambulacral processes). 

Infcerradial ornamentation of many scattered rows of small 
tubercles. Periproct supra-marginal, small, broadly ovoid , opening 
■flush. 

Fossil. Oolite : Europe. 

It is not a satisfactory genus. 

Greniis PxGASTEB, AffassiZj 1839, Ecli. Foss, de la Suisse, p. 79. 
Fesor, 1842, in A^ass. Monogr. d'Ech. viv. et foss. livr. 3, 
p. 75. Besor, 1858, Synopsis, p. 164. Wright, 1856, Fal. 
Soc. Monogr., Felt. Ool. Fofvn. p. 278. Etallon, Ech. Saut* 
Jura, Suppl. p. 4, and Letlicea Brimtrutana,^!. xlv. Cotteau 
Triger, 1859, Ech. de la Sarthe, p. 175, pL xxx. fig. 16. 
Lovmi, 1887 (pub. 1888), Bill, till Kongl. Smnslm Vet.-Ahad. 
Saudi Bd. 18, Afd. iv. no. 10, p. 8 et seq. pi. ii. 

Test large, with a circular or pentagonal, rather sharp amhitai 
outline; subconieal and depressed dorsally, more or less truncate 
behind and concave actinally. 

Apical system central or sliglitly excentric in front, small, with 
four perforated basal |)lates ; the madreporite large, in basal No. 2, 
and extending backwards centrally, reaching the widely separated 
posterior radial plates and the anterior edge of the periproct. 

Ambulacra straight, similar, flush or slightly raised, increasing 
in width to the ambitus and diminishing thence to the peristome ; 
with straight narrow, simple poriferous zones ; a pair of pores 
to a plate, but actinally tliere are some compound plates, and 
some fusion of them at the peristome. Tubercles of the inter- 
poriferous areas in two or four vertical rows, slightly smaller than 
those of the interradia, hut otherwise similar. 

Interradia very broad actinally, with low, broad, curved plates ; 
tubercles in horizontal rows, some continuous vertically, all largest 
actinally, very regularly placed, perforate and very slightly cre- 
nulate or uncrenulate, in flat or depressed areas surrounded with 
circles, squares, or hexagons of miliaries. 

Peristome large, decagonal; branchial incisions large, sometimes 
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broader than long. Jaws exist. Pevignatliic girdle witli ainbii- 
lacral processes, discontinuous. Periproct very large or moderate, 
placed between tlie apical system and the ambitus of the odd 
interradiiim, and at some distance from this ; oblong, pyriform or 
irregular in shape, flush; may he in contact with the apical 
system, or a portion of the posterior interradinm may intervene. 
Spines short and striated. 

Fossil Oolites: England, Europe. Cretaceous: Europe. 

In Pijgasier megasfoma, Wright, the periproct intrudes so 
much, that the four hasals are in a semicircle anteriorly, and the 
niadreporite is not central, hnt restricted to its normal basal ; 
the posterior radial plates are widely separated. Probably it 
should enter Galeropifgiis, Cott. 

G-enus Ptoasteides, Loohi^ 1887,iS^‘A. till Kongl Sv. Vef.-AIcad. 
Sandl Bd. 13, Afd. iv. no, 10, p. 13. 

Syn, Fygaster, 

The periproct is dorsal and posterior. 

Ambiilacral plates ail simple, the first plates broad, uniporons, 
carrying distinct, separate auricles. Poriferous zones simple, 
straight. Splieridia single. 

Interradial peristomial plates single and broad. Tubercles 
perforate and ereniilate, the primaries the largest. Ornamenta- 
tion (epistroiiia) luxuriant. 

Mecent. Caribbean Sea, near Tirgin Islands, 200-300 fms. 

The species was founded by Loven upon one imperfect specimen 
which only measured 3’5 millim. in length and 2T6 in height. 
But under the hands of the experienced teaelier its structures 
were described and admirably drawn. The nniporoiis ambulacra 
and the solitary interradial plates at- the fjeristonie, coupled with 
weak ambiilacral perignathic processes and the anus close to the 
apical system, characterize the genus, which Loren has placed 
among the Echinoconidm, mict. It is a very aberrant form, and 
the solitary specimen is defective, 

Bectioii II. 

Genus Discoidea, Klein, 1734 (Biseoides), Nat, Msg), EcUn, 
p. 26 , pi. xiv. Gray, 1825, Ann, FhiL p, 429 . I)e§0)\ 1842 , 
in AgmsiZy Monogr. FEeh. viv, etfoss. livr. 3, p. 50. Eesor, 
1858 , Sgm^sis des EeJiin,foss, p, 175. CoUecm^ 1869 , Ech, 
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Bepto cle la SartJie, Suppl. p. 412. QoUeati-^ Beron et 
Gauthier, 1879, Bch. foss, de V Alger, fasc. 8, pL xii. fig. 2. 
Btmcan Sladen, 1886, Journ, Linn, Boc. vol. xx. p. 48. 
Lomi^ 1874, Etudes, pL xiv. fig. 125 ; 1888, Bihang till li. 
Bv. Vet-Akcul Handl Bd. 18, Afd. ir. no. 10, p. 9.' 

Test moderate and large, circular or siibpentagonal in marginal 
outline, flat actinaliy, bemisplierieal or conico-fiemisplierical above 
tbe margin. 

Apical system small, snbj)eiitagonal, the five basal plates united ; 
tbe madreporite perforating some or all, genital ducts in all 
except tbe posterior ; radial plates small. 

Ambulacra narrow, flush, except actinaliy, where they are 
slightly raised, apetalous, consisting of low primaries near the 
apex, with rare demi-plates: near the ambitus and actinaliy there 
are compound plates, made up of a large middle primary, carrying 
a tubercle, and an adoral and aboral demi-plate, their sutures 
coiiTex towards the large primary plate ; or a large primary plate 
is associated with a small adoral demi-plate, the suture being 
convex abactinally. Pairs of pores very numerous, small, in 
simple series abactinally, becoming slightly biserial and crowded 
actinaliy. Primary tubercles small, creuiilated and perforated. 

Interradia with distinct median sutures ; tubercles small, per- 
forate and ereuulate, the vertical rows have larger tubercles near 
the median line than elsewhere. 

Peristome small, funnel-shaped, its margin high up and formed 
by ambulacra! plates and also by a single plate in three interradia, 
and by a double plate in two interradia. Perignatliic girdle a 
I’aised oblique discontinuous ring, composed of interradia! plates 
(a ridge), the upper surface flat or shelving. 

Interradial plates within the actinal surface with radiating ribs. 
Periproct small, actinal, between the posterior margin and the 
peristome, its plates large posteriori}'" and reaching close to the 
anal opening. Branchial incisions indistinct. 

Fossil 0^etaceou^s : England, Europe, N. Africa. 

The morphology of Biscoidea suhmilns, Klein, necessitates 
the formation of a siibgenus for its reception. 

Subgenus Echisites {pion mictorimi). 

Test small, tumid actinaliy and at the margin, siibliemisplierical 
above. 
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Apical system with the madreporite in basal plate Wo. 2 only. 
Ainbiikcra with greatly crowded low primary tubercles. 
Iiiterradia crowded with small tubercles, the line of the trails- 
verse coronal sutures furrowed. Eibbing of plates within slight. 
Perignathic girdle ill developed. 

Fossil. Cretaceous : England, Europe. 


G-eniis CoyocLTPETTS, Ar/assk, 1839, Edi. SvAsse^ vol. i. p. 63. 
Besor^ Eftiopsis^ 1S5S, p. 31S. Zittel, 1879, Ilandh. d. Fal. 
vol. i. pp. 515-516. Be Lonol, 1880, ILonogr, chs Belt. 
jFumtn. lie VEggj^ie, p. SO ; F(d(eontorjrapMca, 1S81, Eocline 
Bell, aus JEgi/pt. n. d. Lib. WYiste, p. 14. Bunccni 
Sladeih 1882, Fed. Lid. ser. xiv., Foss. FcJi. W. Sind, pp. 51, 
94, 124. A. Jgassiz, 1883, ‘BlaJce' Fell. p. 49 {Amended.) 

Test large, thich, more or less oval in marginal outline, conical, 
vaulted, swollen or siibconicaldorsally, rather flat actinally, rising 
soiiiewhat suddenly from the margin. 

Apical system central or slightly escentric in front, small, 
projecting, with four basal plates ; the madreporite in the right 
anterior basal, intruding also on the other basals, occupying 
the centre of the system, and separating the posterior radial 
plates ; five small radial plates. 

Amliiilacra long, open, with broad poriferous zones nearly 
as far as the ambitus, thence gradually diminishing in breadth 
to the peristome, flush, or sligliliy sunken, or raised. Plates 
niiiaerous low and broad primaries, rarely some demi-plates 
near the peristome. Pores wide apart and iu pairs wiiere the 
zones are broad, the inner pore circular in outline, and the 
outer more or less elliptical or comma-shaped j pairs gradiLallj 
increasing in breadth and then diminishing, separated by costre. 
Below’ the parts of the ambulacra with paired pores others are 
continued to and over the ambitus to the peristome, as a single 
series, a pair rarely being seen near the peristome and then it 
is clue to the presence of a demi-plate. Phyllodes do not exist. 
Interporiferous areas broad, often projecting. 

Interradia large, but narrow at the summit, and consisting of 
broad plates w'liich are much higher than those of the ambulacra ; 
projecting into the peristome. 

Peristome central, moderate, pentagonal, elongate transversely, 
with weE-inarked boiirrelets and no phyllodes. A ring-like 
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perignatliic girdle with rather tall interraclial ridges and jaws 
Periproct inframarginal, oval and longitudinal. 

Ornamentation of the ambulacra similar to that of the inter” 
radia, small, very equal, of small perforate and crennlate primaries 
in sunken scrobiciiles and intermediate granular epistroma ; costse 
ornamented. 

Fossil. Cretaceous : Europe (?). Eocene : Europe, Africa, 
Asia t. 


Genera ineertce sedis. 

Genus G-ALEEOPXGtrs, CoUeau^ 1856, Bull. 8oc. Geoh de France^ 
ser. 2, vol. xiii’ p. 648, & 1858-9, vol. xvi. p. 289. 

Sjn. GaJeopijgus^ Desor, Synopsis, 1858, p, 167; Centropygus^ 
Ebray. 

Large depressed Urchins, circular at the slightly swollen margin, 
except posteriorly, wh ere the edge of the test is thin and trun- 
cated. 

Apical system central, or excentric in front, closed in front 
and open behind, with four basal plates contiguous and perfo- 
rated; the madreporite in the usual basal, which is the largest. 
The anterior and the right antero-laterai radial plates outside, 
the others in contact with the periproctal groove. A groove con- 
taining the periproct entering the apical system and separating the 
posterior radial plates, the postero-lateral basals, and reaching 
the left anterior radial plate and the anterior pair of basals. The 
groove passes down to the posterior truncation, and the periproct 
is partly within and partly outside the apical system. 

Ambulacra narrow, flush, straight, except the postero-lateral, 
which are more or less curved abactinaliy. Fairs of pores in 
simple series. Taberculation of the test small, rather distant, 
homogeneous. Peristome central, decagonal, with branchial in- 
cisions. Spines subulate, striated, short. Neither perignathie 
girdle nor jaws have been seen. 

Fossil. Oolite : England, Europe. 

A speeimeii in the British Museum shows the perignathie girdle mbhecl 
down, and a vertical section in another specimen shows the interradiai projec- 
tion or ridge. There is no process connected an ambulacrum, but the 
interraclial ridges are well developed. The girdle resembles that of Discokka 
someivhat, 

t The genus Pkgllocli/jpeust Be Boriol, absorbs the old Conodgpei with floscelles 
and no teeth. 
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G-eiiiis PachtcI/TPEus, I>eso}\ 1858, S^nojpsis, p. 198. Gotteim^ 
18(17-74, ^al. Firing, , Ecli. Terr. Jim., vol. is. pi. 101. 

Test large, tbin, ovoid in marginal outline, tumid above. 

Apical system compact ? 

Ambulacra fliisli, apetaloid, similar, becoming wider towards 
the margin and contracting towards tlie peristome j pairs of pores 
ill simple series. 

Peristome central, in a depression, indistinctly decagonal. 
Periproct supra-marginal and at tlie posterior surface. Tubercles 
irre gnlarly distributed . 

Fossil, Oolite: Europe. 

It is a very unsatisfactory genus and must be placed amongst 
tbe doubtful series. 

Orderly. GLYPEASTEOIDA. 

Tbe suborder Clypeastridse w^as, as A. Agassiz remarks in liis 
‘ Eevision of the Echini,’ p. 504, limited by bis father. Tbe cha- 
racters of the group are sufficiently determined in the ^Prodrome 
dTme Monog. des Eadiaires,’ 1836. But the morphology of the 
suborder was accurately described by J. Mtlller in his celebrated 
work on the structure of the Eehinodermata Bau d. Ecbino- 
dermeii,” Abhandl. d. konig. Akad. d. Wiss. Berlin, pub. 1854, 
p. 123) ; and many very important points in the anatomy were also 
explained by Loven, in his Etudes (Koiigi. Svenska Yetenskaps- 
Akacl Hand]. Bd. xi. no. 7, 1874, pp. 32 & 47). 

Loven recognized the name given by L. Agassiz and wrote 
the first perfectly accurate and sufficiently synthetic definition 
of the suborder (oj)* eit. p. 32). It was evident from the exam- 
ination of the recent and fossil forms which should come within 
the suborder that it would have to be split up into divisions of 
greater or less distinctness, and the types of Cli/_peasler, Scuiella^ 
Lrigmium,^ and Fcliinocijamus were noticed to present structural 
diiferences of unequal, but still of definite classificatory value. 
The question arose, were these types to represent families or 
subfamilies, and if the latter, how many families were to be 
recognized ? A. xigassiz, in his ^ Eevision of the Echini,’ divides 
the suborder into two families each containing subfamilies, and 
his first family is Haeckel’s Euclypeastridae (Generelle Morpho- 
iogie, 1866). The subfamilies Tvere Eibulariiia, Gray, for 
egamm and its allies, and the Echinanthinse for Glgpeasters (A. 
Agassiz wrote this last term with the family affix “ id® ”) . Now 
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it is certam from the constrnctioB of tlie ambulaeraj the nature of 
the perignatliic processes, the derelopment of the internal sup- 
ports of tlie tests, and the formation of the apical systems, that 
there is more than a subfamily clistinction to be made between 
these groups. Again, La^mivAn is the type of a subfamily (Laga- 
iiichn, A. Agass.) of the same family lEuclypeastridte, but it de- 
parts extremely from the Filularina and the Ecliinantliiis of A. 
Agassiz. The Sciitellid^c, the second family, hare no subfamilies 
in the classification of A. Agassiz, yet Araehnoides and Sofnia 
find a place in it as genera. It appears that the subiamilj is 
made too proiiiiaent and at the expense of iimiting the family 
in this classification. 

After due eonsideration it ap 2 :>ears that tlie types of the Ciy- 
peastiAhe, mentioned above, should be representatives of families, 
and that the entire group is vrorthy of the same classificatory 
value and position as the Endocyeliea with jaws. Claus may be 
taheii as a writv-r having much ercperience, and in his ‘ Zoologie ’ 
he follows the method of A. Agassiz, but considers liis suborder 
as an Order of the Class Echinides, the Echinoderiiiata as a 
whole being a Type of Invertebrata. 

It seems therefore advisable to call the Order — CTypeastroida, 
and to partly follow Agassiz and A. Agassiz, by establishing the 
families Eibiilariidse, Clypcastridte, and Scutellidm. 

Order IT. GLXPEASTEOIDA (p. 23). 

Syn. Cly^ea§tnd'(S^ Agassiz (suborder), 1S36. (Enlarged.) 

Test either flat, or tumid, or rising dorsally, with a thin or tumid 
margin which may be notched; the internal floor and roof 
connected by calcareous pillars and partitions, limiting more or 
less the internal organs, and forming, or not, false avails as 
coverings to the water-system. 

The apical system with a central niadreporite ; basal plates 
coalesced. 

Ambulacra more or less poiyporous ; tentacles heteropodoiis. 
Petaloid parts of the ambulacra both with branchial and disci- 
f erous tentacles in the poriferous zones ; usually very numerous 
simple small tentacles, each one in relation with a single pore, in 
the iiiterporif erous areas, placed in simple or 'branching grooves, 
or along the transverse sutures or in the plates generaiiy ; tubular 
branchial tentacles at the peristome. 

Interradia smaller than the ambulacra, may be disconnected, 
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freely perforated by small, single pores for small, simple tentacles 
actiiia %5 and also more or less abaetinally. Tubercles small, perfo- 
rate, and creniiiated. Open spaces or luniiles may occur in tlie 
extra-petaloid parts of ambulacra andintbe posterior interradiiim^a 
Peristome actinal, usually central ; interradial marginal plates 
single ; perignatliic girdle discontinuous; processes narrow, either 
interradial or ainbiiiacraL Jaws short, expanded, stellate in dorsal 
outline, tlie iinited pyramids without braces and compasses, pro- 
jecting over the ambulacral areas ; the teeth rarely more or less 
vertical, mostly horizontal : the jaws resting upon perignatliic 
processes, or having them beyond their re-entering margin ; 
retractor muscles only. Periproct beyond the apical system, ex- 
centnc, either aetinal, marginal, or dorsal ill the posterior inter- 
radium. Spheridia few, covered. 

Family FibuLxVEiid.^:. 

Clypeastrid.e. 

Lagan 

ScUTELLID-E. 

Family Pieulaeubje, (subfamily) Gray, 1855, Gat, Bee. Ml. 

Brit. Mus, pt. i. p. 27. {Amended.) 

Small Clypeastroida with rudimentary, widely open, £ew-pored 
petals ; jaws rather high ; teeth superior and slanting. Peri- 
gnatliic processes broad, low, one on each interra, diiim. Inter- 
raclia small, with a single apical and a single peris tomial plate, 
continiioiis^b Periproct usually actinai. Slightly developed ver- 
tical partitions within the test, actinally limiting the ambulacra 
at their sides, radiating towards the peristome. A spheridiiim 
in each ambulacrum, covered. 

Genus EcMnocyamiis. 

Subgeiiiis ScuteUina l genus), Agassiz, 

Genus Sismondia. 

Fibuiaria. 

Runa. 

MouUnsia. 

Rotdoidea. 

Genus Echikogyamijs, Tan Phels. 1774, Brief. Leske, 1778, 
Addit. ad Klein, p. 213. Agassiz, 1S41, Monogr. FEcli. vli\ 
et foss* livr, 2, p. 125. A. Agassiz, 1874, Bevisimi, p. 304. 
Lovm, 1874, Etudes, pis. xvi. & xliv. 

Test smal, thick, pyriform or subcircular in outline, tumid and 
* See Definition of terms,” in the last chapter of this ‘ Eevision.* 
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sligliilj convex abactinally, concaTe actinally near the ceiitnil 
peristome. 

Apical system central ; sutures fused ; madreporite central, 
■with only one large pore ; four genital pores ; radial pores 
variable in size. 

Ambulacra broader than the interradia, short where slightly 
petaloid, widely open dis^tally ; pairs of pores few and inereasiiigly 
far apart ; the Iioiizontal sutures beyond the petaioid part, 
pierced by pores, some pores in the plates near the peristome. 

Interradia narrow, coiitiniioiis, a single broad plate in each, at 
the peristome and also at the apical end. 

Peristome central, pentagonal, Perignathie ridges tall, broad, 
one on each peristomial interradial plate. Jaws small ; pyramids 
rather high, fiat ; teeth superior, inclined. Periproet between 
the peristome and the posterior edge of the test ; anal plates 
four or five, triangular. Ornamentation of aniform small perforate 
tubercles, carried over the apical system. Spines short and 
slender. Within the test are five pairs of partitions limiting the 
ambulacra, for a short distance. A single spheridium in each 
ainbulacrnm, covered. 

Fossil. Cretaceous to Miocene : Europe. Pliocene : England 
and Europe. hTummiilitie : Asia and Africa* 

Meeent. N. Atlantic and British Seas, Norway, Azores, Jose- 
phine Bank, Mediterranean, Florida, Caribbean Sea. Littoral to 
105 fathoms. 

Slihgenus Scxjtellin’a, (genus) Agassiz., 1841, Momgr. d'EcL 
mi), etfoss. livr. 2, Les Scufelles, p. 98. 

Test small, circular in outline. Jaws broad, low ; pyramids 
borizontal ; teeth superior. Periproet small, variable, marginal, 
or more or less supra- or inframargraal. 

Mssil. Tertiary: Europe. 

Genus SiSMOxnrA, Eesor, 1858, Sgnogsis, p. 225. (Enlarged.) 

Test of small or medium size, subpentagonal or ovoid, depressed, 
inflated at the margin. 

Apical system central or subcentral, fliisb ; only a single pore 
of the madreporite is present ; four basal plates and their pores 
are large ; radial plates small, pores minute. 

Ambulacra, petaioid parts usually long, more or less open ; 
pairs of pores few, not continued actinally ; a great number of 
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minute pores occupy tlie transverse sutures of the plates actinally, 
and some are in tlie vertical sutures between the ambiilaeral and 
interradial plates. Interraclial areas supported internally by a 
pair of strong, complex, vertical partitions, and the other parts 
of tlie test, witliiii, bristle with projections. 

Peristome central, sunken or not. Periproct aetinal, between 
tlie peristome and tbe posterior margin. Tiiberculation minute. 

MssiL Eocene ; Europe, Africa, and Asia. Miocene : Europe. 

A good series of drawings of a Sismondia "will be found, by 
Sladen and Eoord, in Monogr. Eoss. Ech. Sind, pt. iii. pi. xxv., PaL 
Ind. ser. xiv. 1SS4. They may be compared with the drawings 
of two species of Eclnnocymmis which are upon the same plate. 
The Sismondiu differs in the more definite plating of the apical 
disk and the longer and more shapeful ambulacra, which are, more- 
over, tumid. But the alliance is very close. It ■will he observed 
that there are several additions to the diagnosis of Eesor, in the 
above definition. 


Genus Fibuuabia, Lamk. 1816, Hist. Kat. Anini, s , Verf. vol. iii. 
p. 17. 1855, CataJ, Bee. JEcli. Brit. IIus, pt. i. 

p. 28, A. Affcmiz^ 1878, BevUion^ p. 506. 

Syn. 3Iortoma^ Gray {non Desor). 

Test small, thin, ovoid or elongate-elliptical, regularly arched 
and tumid dorsally, or subsplierical, tumid at the sides and acti- 
nally around the sunken peristome and periproct. 

Apical system central ; four genital pores. 

Ambulacra short, with ill-developed, very open petaloid parts ; 
pairs of pores very few, continued wide apart to the margin, not 
united by a groove, 

Iiiterradia with or without the middle of the plates being 
raised. 

Peristome small, pentagonal, sunken. Minute concentric 
plates ill the peristomial membrane. Jaws high, stout or slender; 
teeth superior, sloping ; perignathie processes large. Periproct 
aetinal, simken, nearer the peristome than the posterior margin, 
may be longitudinal and oblong. Internal structure of the test 
very simple, supports very rudimentary or absent, limiting the 
ambulacra near the edge, Tuberculation distinct, regular, or 
more distant actinallj. 

BosdI. Upper Cretaceous : Europe. 
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Mecent. Mediterranean, Bed Sea, Indian Ocean, Japan, Sand- 
T^deh Islands, Pliilippines, xliistraiian seas. 

The iieit genus is not a satisfactory one. 

G-enus Eupta, Agassiz, 1841, Monogr. (TEcli. vii\ effoss. lirr. 2, 
Les Scutelles, p. 32. 

Test very siiiali, depressed, faintly arclied dorsaily, subcircular 
or ovoid at the tliick, deeply incised margin. 

Apical system central ,* four genital pores. 

Ambulacra large, separated from tlie interra dia by grooves 
clorsally and at the margins b_y incisions ; petals short, 'widely 
open and everted distally *, faint median groove acrinaily._ 

luterradia siiiall. 

Peristome circular, elliptical, central. Periprocfc small, between 
the peristome and the posterior margin. 

Fossil. Tertiary: Europe. 

A. xlgassiz and Liitken consider MouIinia^2Ioidinsm, Agassiz, 
1841, Monogr. d'Eeb. viv. et foss. livr. 2, Les Seiiteiles, p. 130, 
tab. 22, to be synonymous with Encope, the young forms of tliis 
genus greatly resembling the species of dloitUnsia. But if the 
figures given by the elder Agassiz be compared with those of A. 
Agassiz, it will be seen that there is inueli more general scolloping 
of the edge of the tests than is seen in the young (supposed) 
Encopes. E. Etheridge described a species from N. Africa wliich 
he placed in a genus Eotuloidea, and it shows the least possible 
anterior lobing. Under the circumstances it is best to consider 
Iloulimia and Rotidoidea as two closely allied genera. 

G-enus MouniisSLi (Moulinia), Agassiz, 1841, Monogr. iEcJi. 
viff, et foss. livr. 2, p. 139, tab. 22. Eesor, 1S4S, Sgmpsis^ 
p. 222. Grag, 1855, Cat. Fee. Eeli. Brit. 3Itis. p. 27. 

Test small, thin, very depressed, oval, slightly tumid above the 
edge, but flat dorsally. Margin lobed on account of the grooves 
along the median lines and between the ambulacra and interradia ; 
some transverse grooving of the coronal plates. 

Apical system small, central ; five genital pores ? 

Ambulacra with petaloid parts widely open distally. 

Peristome central. 'Periproct inferior, between the peristome 
and the posterior margin. Ambulacral pores not united by a 
groove. Tuber dilation very distinct. 

Recent. Martinique. 
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Genus Eotuloidea, B. Btlieriilge^ 1872, Qimrt. Journ. GeoL 8oc, 
Tol. xxviii. p. 98. 

Test moderate in size, tTiiclv, very depressed, broadly ovoid, 
longer tban broad, actinally slightly concave. 

Apical system small, central, circular j madreporite large, 
central ; tlie genital pores on its flanks. 

Ambulacra subpetaloid, widely open, with rather broad pori- 
ferous zones ; inner pores circular, outer elongate; and more or 
less tumid interporiferous areas ; actinally five perforated furrows, 
ramifying towards the margin. 

The interradia larger than the ambulacra. 

Anterior margin of the test smooth and slightly acute-; pos- 
terior margin broader aud with many ( 12 ) fimbriations continued 
actinally as grooves. Neither lunules nor cuts. 

Peristome central, pentagonal, sunken. Periproct small, 
between the peristome and the posterior margin. Tubercles 
equal, densely placed in areolse. 

Fossil. Miocene ; N. Africa. 

Family CLTPEASTEiBiE. 

Syn. FcliinanihidcB (subfamily), A. Agassiz, 1872-74, Eevision, 
p. 510. 

Test small to very large, depressed, flat, to high ; margin sub- 
pentagonal or subcircular, sharp to very tumid. Apical system 
centra], the basal plates fused together, all perforated by the 
central madreporite 5 genital pores beyond, Petaloid parts of the 
ambulacra higlily developed, usually unequal, the actinal furrows 
straight. 

Interradia actinally discontinuous, one peristomial and two 
apical plates in each. Jaws large, tall, wide above, the teeth 
in vertical grooves on the inner part of the pyramids. Peri- 
gnathic ptrocesses tall, narrow, two on each ambulacrum, fitting 
in below the jaws. Internal structure various, always with 
needles and pillars extending from floor to roof and expandiug, 
placed so as to limit the ambulacra incompletely from the in- 
testinal areas, extending considerably towards the peristome j 
there may or not be a development of the pillars close to the 
edge of the test, and a more or less complete fusion of them 
into partitions arranged concentrically, so as to form inner walls ; 
there may be an inner wall to the ambulacra protecting and 
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forming the canals for the water-system; actinally the ambulacra 
and interradia much pierced by pores, less so dors ally. Tentacles 
lieteropodoiis. Spheridia two, covered, in each ambulamiin. 

Genus Clypeaster. 

Subgenus Monostijchia, 

Genus Diplothecaiithus. 

Plesiantkus. 

AnomaJantkiis. 

The generic name Clppe^'ister originated vrltli Lamarck, Svst. 
Anim. s. Yert. ISOl. Previously Breynius, 1732, ‘ Schediasma de 
Ecbiiiis Metliodica disponendis,’ p. 50, placed a genus Ecliimn- 
tJiiis as one of the seven into wliicli the Echinoidea could be divided. 
IlLs definition was, Ecliinanthus est Echinus cujiis apertura pro 
ore est prope centrum, pro ano in, vel ad margiiiem longissioie ab 
ore distanteni.’’ This is completely inadequate, and it naturally 
led him to combine several forms within the group, wliicb really 
have no generic resemblance or affinity. Breynius gave figures of 
his types, and it is perfectly evident that bis first form of Echm- 
antlius is a well -grown EcJdnolampas ovifonnis. (This was 
reproduced in after years by Klein, Nat. Lisp. Ecb. tab. xx, 
figs, c-d ; compare wdtii Breynius, tab. iv. fig. 1.) 

A second form included resembles EpporJipncIim^ and a third 
is a Cassidtdus, Breynius gave no figure of a Clypeasfe}* or 
of an Eeliimnthus as accepted by modern naturalists; but be 
refers to Eumphius, 1705, ‘ Amboinscbe Eariteitkamer,’ pL lix. 
fig. D, stating that bis figure of Echmantlim agrees with the 
type of Eumphius ; but this last is a miserable figure of a fossil 
Glppeaster altm. Again, the figure in Eumpbius’s tab. xiv. fig. 3, 
is said by Breynius to represent an EeJimantlius^ but it is a Giimi-- 
diiloid. However, Breynius refers to Sloane, Nat. Hist. Jamaica, 
t. ii. tab. 242. figs. 6-11, and sta.es that the figures also relate to 
bis EcMnmifhiB, They are those of the tumid Clypeastroid. It is 
interesting to note that Breynius remarked that the teeth of this 
form differ from those of Echinometra, and that there are within 
the test “ trabes perpendieulariter ercctasf' 

It is clear that Breynius did not separate the toothless Echim^ 
laipjms and Cassiduloids from the gnatbostomous Clypeastroid. 
It is therefore useless to prolong the discussion regarding liis 
prioiity. 

Klein came next, and although be employed the figures of 
Brojiiius and added, op, cif. pi. xxix., capital figures of the supports 
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and cloiiLle amljiilacral floors of tlie tumid Clypeastroid, lie did 
not employ tlie term Hcliinantlms, On the coiitraryj lie called tlio 
forms Bisp. Eefl. p. 2S, pis. 17 18 19 Seetio Scutum,’- 
species Immih and alfum, 

Linii^us called tlie tiiinid Clypeastroid Echinus reiicidatus ; 
and Lainarek clearly diiferentiated the genus Chjpeaster and 
included both the tumid and the flatter species in it. 

17eitlier of these last-mentioned naturalists considered the 
genus EcJiinanihiis of Breynius to be of any value. 

Ill 1825 Cxray resuscitated the term EcMnanthm, but applied 
it not after the meaning of Breynius ; he made it include the 
species termed Oli/peaster by Lamarck, hleitlier Desmoulins 
nor Agassiz and Desor followed Gray, but considered Lamarck’s 
generic term good and correct. However, in 1855 Gray called 
all Clypeastroids, both flat and tumid, ‘‘ Eelii nan thus in his Cat, 
Eeeent Eeh. Brit. Miis. . 

Ill 1825 Gray had founded the genus Ecliinolmnpas, and in 
the Catalogue just referred to, p. 85, he again diagnosed that 
genus, and placed EcMnanthus (see also under Eohiiiolanvpcts 
oviformis^ Cat. Bee, Ech. Brit. Mus. p.'So) as a synonym. Here 
an error crept in, and palaeontologists and zoologists have ever 
since employed Ecliinantlms in a diflerent sense. The palsoonto- 
logists, following the early part of the definitions of EcUnantlnis 
by Breynius, have associated the word with the Cassidulidas ; the 
zoologists have either associated the word with all the Clypeas- 
troids, or have used it, following A. Agassiz, for the tumid 
Clypeasters especially. 

Desor, in his Synopsis, 1858, associated the term Ecliimntlius 
with a WTll-cliffereiitiated group, having all the characters of that 
figure given by Breynius wbieb has a hnpiiidmaUij elongate 
periproct placed supramarginal — the figure wliieli may have repre- 
sented a Fygorhynchw, Ecliinantlnis of Desor is a large genus, 
and it is impossible to state, with truth, that it is not EcU« 
nanfhus according to Breynius. 

The distinction between the internal construction of the flat and 
the concave based or tumid Clypeasters was sbowm by J. Muller 
in his ^ Bail d. Eehin.’ 1854, p. 123 . A. Agassiz, in bis ‘ Revision,’ 
was so struck with the value of J. Muller’s discoveries, that be 
determined to make the tumid Clypeasters form a genus Eeldnan^ 
tliiiSy which be attributed to Breynius. The whole subject is con- 
sidered with the usual great cure of the- author of that ‘ Revision/ 
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and it does not appear that he will do otherwise than hold his 
ground. 

A. Agassiz I’etaiiis the Lamarckian name OJ^peaster for the 
flat-based and more or less tliin-edged Cljpeasters. and it becomes 
of great importance to discover whether the internal structures 
of the tumid form are sufficient to necessitate its inclusion in a 
different genus. 

This question was earefullj considered before the publication 
of this Eerisioin and with the result that CIpppMster must remain 
as a genus, and that two genera must be founded, one to include 
the West-Indiau CIppeader reilculatus^ Linn. sp. {EcJd nan thus 
Tosaceus^ A. xlgassiz), and the other to be associated with 
EclunanfliiiB festutHnanhis, Grray, from Australia. 

a£»mrth geinis closely allied to Ghjpeaster, 

It will he observed that Ecliimntlnis is now removed from the 
CTypeastridie and is placed amongst the Cassidulidre, where 
Breynius certainly meant it to be in the first instance, 

Grenns Cltpeaster, Lamk. 1810, pars, Sist. Eat. Anim, 8, Vert. 
Tol. iii. p. 12. Eesoj\ 1858, Spiopsis, p. 299. Ziitkeny 1868 
(pub. 1864), Vkl. JHecld. f. Eat, Fo}\ i Kjohenli. pp. 100, 132. 
A, Apassiz, 1872-74, Mevision^ p. 806. Bunaan^ 1SS5, 
Journ. Linn. Soc.^ Zool. vol. xix. p. 203, pi. 81. Lovhi^ 1SS7, 
Ecli. descr. hp Linnmus^ pp. 171-176 (for synonymy). 

Test variable in size, moderate to large, siibpentagonal, ovoid, 
subcircular in marginal outline, usually truncated behind ; etige 
thin, rarely slightly swollen, undulating in contour, with or with- 
out re-entering angles. Dorsum very depressed or tall, conical 
or subeonical, or campanulate, and usually tumid centrally, and 
sloping to the margins. Actinal surface flat, and with the central 
peristome suddenly deeply sunken. 

Apical system small, central, or slightly excentrie ; madreporite 
central, button or star-shaped ; basal plates fused ; genital pores 
close to the edge of the madreporite, or in the mediaa intemdiai 
sutures, five in number ; radial plates smalfi and the pores also. 

Ambulacra much larger than the iuterradia, the petals large, 
broad, long, tumid; poriferous zones broad, inclined, or narrow 
and short, nearly closing distally ; plates low, broad, uiisym- 
metrical, compoimd; the adoral component a primary and the 
aboral a low broad demi-plate ; pores unequal, wide apart, with 
an iiitermediate groove ; pores in the transverse sutures of the 
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luiilid iiiterporitVroiis aieas. Beyond tlie petals aud actinalljj ilie 
pores are numerous and are oblique. 

Small pores in great numbers in oblique transverse lines in tlie 
plates, to the peristome ; actinal grooves straight, more or less 
developed, perioiated. The second ambulacral plates from tlio 
peristome large and uniting aioimd, so as to intrude upon tlio 
iiiterradia. 

Interradia narrow between tlie petals, the elouble apical plates 
may have a genital j.ore in their median sutures; a single plate 
at the perislorniai inargin ; discontinuous actiiiaily. Pores 
peiioratii;g tlie plates slightly abaetinally aud considerably 
actinally. 

Peristome sunken, polygonal, thin-edged, with ten ambulacral 
and five intcrradial plates ; buccal pores at the edge ; two 
spliericlia hidden in each ambulacrum. Perignathic girdle dis- 
continuous, placed beneath the jaws ; the processes tall, narrow, 
close, in pairs, arising from the edges of ambulacral plates. Jaws 
laige ; pyramids unequal, expandtd dorsallj; teeth in more or less 
vertical grooves placed on their inner surface ; depressions 
below the pyramids for the articulation of the perignathic 
processes. Periiroet infra-marginal, near or at the edge, pos- 
teriorly. 

W ilhin, numerous concentric partitions near the edge of the 
test, forming false walls, composed of fused or perfect needle- 
shaped or stout pillars expanding at- th.e roof and fioor ; around 
tlie distal part of the petals and reaching to the floor are needles 
aud supports expanding above and below, shutting off, iuconi- 
pletcdy, the ambulacral from the intestinal areas ; this structure 
may extend some distance between the petals. The ambulacral 
plates with projecting ridges or needles, not coalescing to cover 
over the v. ater-s} stem or to form a double wall. 

Tentacles of the petaloid part of the poriferous zones branchial 
and pectinated in whorls; the tentacles of the small pores 
prehensile, with a calcareous support to the disk. Pedicellarim, 
some large stout-headed and narrow-ended tridactyles upon short 
calcareous steins ; other pedicellarife long, with narrow valves, or 
gemmiform and upon longer stems. Tubercles small, largest 
actinally, in sunken scrobicules, the intermediate structure with 
miiiaries ; ambulacral ornamentation smallest. 

Spines very short for the size of the test, flue, cylindrical, 
iargest and sometimes bpalhifbrm actinally. 
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Fossil. Tertiary : Europe, Africa, Asia, Australia, aud 1^. 
America. 

Eeceut. Eed Sea, East-Indiau Islands, jSTew C aledoiiia, Philip- 
])ijies, Japan, Kiiigsmill Is., China Sea, Panama, San Diego, West 
coast of Africa, S. Carolina, Florida, Caribbean Sea, Brazil. 

The huge, tall, bulky Tertiary species have flat actinal surfaces 
and are true Clypeasters. C. alius and G. cegij][)tiacus have short 
stout ridges upon the ainbuiacral plates of the petals, \Yithm the 
test, and they do not coalesce, or do so very im|)erfectly in places. 

Siibgeiius Mo^fOSTYCHiA, (genus) Laiibe, 1869, Sitz. d. kais» 
Akad. d. IFzss. TVmi, p. 188; Fimcan, 1887, QuarL 

Jouru. Geol. Soc, vol. xliii. p. 417. 

Test small, flat. 

Apical system small; madreporite button-shaped ; four genital 
pores ; margin notched when young decidedly, and the peristomial 
ambul acral grooves straight and continued abactiiially. 

FossiL Tertiary : Australia. 

G-enus Diplotheca]S'thus. 

Syn. FcJiinauthis, Breynius, 1782, pars; Leske, 1778, pars; 
Linnseus, 1761, Mus. Liid. Ulrich, p. 714 {Echunts reiieulatiis, 
see Loven, 1887, Ecli. deser. by Linneeus, p. 174) ; J. Muller, 
1853, Bau d. Echin., iibhandl. d. konig. Akad. d. Wiss. zu 
Berlin, pub. 1854, p. 123 ; Gray, 1855, pars ; A. Agassiz, 1872-74, 
Ee vision, p. 310. 

Test moderate and large, pentagonal or subcircular in tumid 
marginal outline, angles rounded ; dorsum tumid variably ; actinal 
surface tumid, but hollow from the margin to a deep centx*al 
peristome. 

Apical system small, madreporite star-shaped, central; the 
small radial plates at the re-entering angles, pores small, usually 
transverse ; the basal plates fused ; genital pores in the median 
sutures of the interradia, more or less remote. 

Ambulacra mtli long, broad, tumid, almost dosed petaloid 
parts, with the poriferous zones broad, slanting or depressed ; the 
pores distant, unequal ; the plates compound, the adoral compo- 
nent a large low primary, the aboral a small demi-plate ; the wide 
iiiterporiferous areas perforated ; beyond the petals the plates are' 
simple and larger, and are mainly perforated c^bliquelj actinally^ 

The interradia small abactinally and sunken; discoiitiniioiis 
actiiially, one plate entering the peristomial margin in each. 
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Peristome deep, its margin composed of ten ambiilacral and five 
interradial plates, two splieridia in each amljulacruni liiddcii. 
8traiglifc grooves in tbe ambulacra, and buccal pores at tlie margin 
of tliG peristome. Teetli, jaws, and periguatliic girdle as in 
Oli/jjeaster. Periproct at or close to tlie margin. 

Internal structure witlioiit concentric partitions or false walls 
at tlie edge, or separate needles, expanded above and below near 
tbe edge, but with tbe petaloid parts of the ambulacra more or less 
limited b}^ stout discontinuous septa or pillars wliicli extend some 
way towards tlie apex, and are curved around the poriferous zones ; 
tlie ambulacral and intestinal areas imperfectly separated. Tbe 
ambulacra, wfitli the exception of tlie poriferous zones, liave an 
inner wall, produced by the coalescence of broad calcareous 
growths from the inner surface of tlie plates remote from their 
transverse sutures, and which, after reaching a certain height, 
expand and unite so as to form a wall standing upon low hroad 
foundations ; the raised foundations bound, and with the expan- 
sion form, the canals for the main and secondary water-systems 
of the amhiilacra ; foramina occur ^aloiig the median line and 
near the poriferous zones. This inner wall supports expansions 
of pillars and needles. 

Ornamentation small ; tubercles sunken and surrounded witli 
iniliarics. Spines short, slender. Pediceliariai, some very large, 
tiidact}’le and tumid-headed. Two ludden splieridia in each 
ambulacTUiii. 

Fossil. Tertiary: "West Indian Islands (Anguilla); San 
Domingo. 

Meeent. West Indian Islands, Ploricla. (Littoral to 5 fathoms.) 
Genus PLEsiA5^’'THcrs. 

Syn. Glif]}east€}% Lamk. (pars) ; EcMnanthiSj Gray, 1S55, 
A. Agass. i8v2-4, pars. 

Test with a tumid, suhpentagonal margin, tumid and depressed 
dorsallj, concave actinallj ; peristome deeply seated. 

Apical system with 'a Dutton- or star-shaped central inadre- 
porite ; basal plates fused ; genital pore beyond and in the 
median suture of the interradium; radial plates very small, pore 
circular or elongate. 

Ambulacra with the petaloid parts long, tumid, broad, closed, 
nr nearly so ; poriferous zone broad, sloping or depressed, pores 
unequal, distant; -plates compound, the adoral component a 
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primary, tlie aboral a small clemi-plate ; interporiferous areas 
broad, perforated. Pores of tlie non-petaloid parts oblique. 

Iiiterradia small, discontinuous actinally, more or less per- 
forated, grooved or not. Peristome with ten ambul acral and 
Jive interradial plates, two hidden spheridiain each ainbulacmra. 
Jaws and perignathic girdle as in Oly^easter. Periproct infra- 
marginal, in or close to the edge. 

loternal structure with tall pillars, more or less united, and 
expanding at the roof and lioor, placed so as to bound the 
ambulacra incompletely, and to reach some distance towards tlie 
centre of the test ; some needles. Concentric partitions absent 
near the edge, and the inner wall of the ambulacra also. 

Spines small, cylindrical, largest actinally, and sometimes 
spatiilate. 

Beeenf, Japan, Red Sea, Sandwich Islands, La Paz, Australia. 

Flesimitlms {=^Ecliiiianthus) testiuUmruis, G^ray, sp., is the 
type. 

Genus Ais^omalaktiius, J , 1881, Froc, Zool Soc. Lond. 
p. 40. 

Syn. EeJii nan this, A. Agass. 1872-74, pars (see Eev. T. Woods, 
1877-1878, Proe. Linn. Soc. TST.S.W. voL ii. p. 169). 

Test large, ovoid in tumid marginal outline, high, swollen, 
flattened near the apex, which is slightly anterior. Peristome 
deeply sunken, grooves very slight. 

Madreporite central, star-shaped ; genital and radial pores 
variable in size. 

Ambulacra apetalous, the poriferous zones abactinally broad, 
increasing in breadth to close to the margin, diverging gradually 
and becoming very wide apart, even tending to tlie lyrate form'; 
pairs of pores very diverse in size, united by stiailow grooves. 

Periproct elongated transversely at the ambitus. 

Mecent, Australia. 

It is interesting that there should only have been one large 
and mutilated specimen of the species “ Woods, but 

Prof. J. Bell made the most of his opportunity. There is a true 
Chipeasfer in the Eocene of Kutch (Kaehb) which has Ijrate- 
sliaped semi-petals (Duncan and Sladen, 1883, Moiiogr. Tert. 
Ecli. Kaclih and Eattywar, Pal. Indica, ser. xiv. p. 11). 
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Pattiily Laga^ipje, (subfamily) A, Agassiz^ Eedision, 
1872“74i, p. 516. {Enlarged.) 

Test flat, with swollea or tbiu edges ; the petals more or less 
unequal, narrow, lanceolate, moderate in length, ambulacra beyond 
theiii very wide ; pairs of pores for branchial tentacles few, and 
between them are minute pores for prehensile tentacles, of wliieli 
there are also multitixdes in tbe interporiferoiis areas. Interradia 
small, each with a single apical and peristomiai plate, continuous. 
Simple straight actinal grooves iu the ambulacra, perforated, and 
%vith a buccal process and buccal pores. Periproet between tbe 
peristome and the posterior margin. Jaws small, rather high, the 
teeth superior and slanting. Perignathic processes (ridges) single 
on the interradial peristomiai plates, situated so as to be beyond 
and not below the jaws. Internal structure of several pillars 
formiug discontinuous concentiic partitions close to the edge 
of the test, and of partitions limiting the ambulacra. 

It is proposed to absorb the genus Rumpliia and the siibgenus 
Eeronella. 

Genus Laganum. 

Genus Lagahum, Klein, 1784*, Disp, EcJi. edit. Paris, 1751, 
p. 92. Grag, 1825 (Lagana), Ann. Kliil. n. s. vol. x. p. 427. 
Agasdz, 1841, Monogr. iVEeli. viv. et foss. livr. 2, Les 
ScufelleSj p. 105. Grag, 1856, Cat. Kec. EcJi. Brit. Mii'S. 
p. 8. A, Agassiz, 1873, Bevision, p, 516. Loven, EticdeSj 
1874, pp- 47, 88. J. Bell, 1883, Ann. Mag. Mat. Hist vol. 
xi. ser. 5, p. 130. Duncan, 1885, Journ. Linn. Soc., ZooL 
vol xiy. p. 206, x)L 31. {Amended.) 

Sjn. Bimpliia, Desor, 1858; Folgaster, Miclielin; Mlclielinia, 
Guj. ; Beronella, A. Agassiz. 

Test moderate in size and large ; subpentagonal or ovoid at 
the swollen or tbin margin, truncated posteriody, longer than 
broad, very depressed dorsally, flat or slightly coiicave actinally. 

Aj)ical system small, more or less stellate ; madreporite central, 
with or without a curved furrow, into which enter a few water- 
pores ; genital pores four or five, upon the fianks of the madre- 
porite. 

Amlmlacra much larger than the interradia, but with the 
petaloid parts rather narrows moderately long, nearly closed 
distallj, plates simple; poriferous zones with minute simple 
pores in a transverse row between the consecutive large pairs ; 
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iiiterporiferous areas with very numerous transverse rows of 
pores for minute tentacles ; actinally and at the peristome is 
a short groove, straight and perforate ; buccal pores large. A 
single spheridiiiin, covered, in each ambulacrum. 

Interradia narrow ; abactinally the highest plate is single, and 
actinally the plates are continuous, and the peristomial plate is 
single. 

Peristome small, central, polygonal, formed by ten ambulaeral 
and five interradial plates. Jaws well developed, with the teeth 
superior and more or less inclined. Peri gnathic processes single ; 
interradial, short, bent, placed beyond the limits of the pyramids. 

Periproct small, inframarginal. 

Pillars and partitions only in concentric parallel series near 
the edge, within the test. Tubercles and surrounding miliaries 
scattered, similar, usually largest actinally. Spines short, dorsally 
cylindrical, slightly swmllen, larger, longer, and cylindrical acti- 
naily, many around the peristome and periproct. Large slender 
tridactyle pedicellarife near the petaloid parts of the ambulacra ; 
others with expanded tops on projecting stalks very general. 

FossiL Tertiary: Europe, Asia, Java, Africa (Egypt), 'N, 
America. 

Recent. East Indian Islands, Philippines, Pacific Islands, 
Japan, Persian Gulf, Eed Sea, Mauxdtius, Zanzibar, Australia, 
Tasmania, Neiv Zealand. 

Family ScuTELUiDiE, Agassiz^ 1811, Monogr* d^Ech. mv. eifoss, 
livr. 2, p. 1. A.AgassiZy 1872-74, Revision, p. 524, 

Test very flat, margin incised or not, lunules or slits in the are® 
or not. Ambulaeral furrows bifurcating and branching. Peri- 
stome flush. Jaws flat, teeth superior. Eadiating partitions 
between the floors internally. 

Genus Seutella. 

Subgeims BcJiinarachmus. 

Genus EcMnodiscus. 

Encope. 

Subgeniis Monophora, 

Genus 3IeUita. 

Subgenus MelUtella. 

Astriclypeus. 

Germs Lenita. 

Mortonia. 

Botnl . 
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S ii!:) family A r a c It n i n od, 

Ambulacml petals diverging ; actinal grooves straight ; no 
marginal cuts or lii miles. 

Genus AracJinoides. 

G-eniis ScuTELLA, Lamarck. 1816, Ilisf. Wat. Anim. s. Vert. voL iii. 
p. 7. Agassiz, 1841, Momgr, cVEch. viv. et foss. livr. 2, 
Les Scutelles, p. 75. 

Test moderate and large, much depressed, circular or sub- 
circular in outline, or imdulatiug slightly or notched, broadest 
posteriorly, dorsally tumid, or subconical centrally, sloping to 
the thill edge. 

Apical system central, more or less pentagonal ; madreporite 
central; four genital pores at the edge of the projections ; small 
radial plates and pores. 

Ambulacra with the petaloid parts unequal, well developed, 
nearly closed ; poriferous zones very broad, the inner pore large, 
the outer very small, and intermediate simple pores in the con- 
necting groove ; actinal grooves straight and deep near the 
peristome, bifurcating much beyond. 

Peristome central, subcircular; buccal processes projecting. 
Jaws low, with rising laminse on either side of the superior 
liorizontal teeth; pyramids unequal. Periproet small, infra- 
marginal A liomogeneous ornamentation of tubercles in hexa- 
gonal areas which are crowded with miliaries, largest actiiially. 

lYithin the test, flat pillars and partitions, forming discontinuous 
structures concentrically near the edge, and limiting the ambu- 
lacra for short distances. 

Fossil. Cretaceous?: jY. America. Eocene, Miocene, and 
Pliocene : Europe. 

Siibgeniis EcHiXAEACSNirs, Leske (genus), 1778, Aildit. ad Klein, 
p. 218. Gratj, Annals of FJiiL vol. x. p. 0 (genus). 
F. i\ Maviens^ 1865 (Scutella), Monatsl. d, honig. Alcad. d. 
Wass. Berlin, p. 140. A. Agassiz, 1872-74, Mevision, p. 315 
(subgenus). LoDeii, 1874, Etudes, p. 50. 

Sjii. I)endrasfer,Ag.; 8capli€clihius,^duVTLr, ChcBiodiscus, JjMXi. 

Apical system excentric in front or behind. 

Ambulacral petals large, long, unequal, open or tending to close ; 
poriferous zones broad; pores and prehensile tentacles in the 
zone between the branchial tentacles; actinal furrows simple, 
narrow, and perforated near the -peristome, bifurcating and 
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branching further out ; the median furrow continues to the 
margin and may also be abactiiial. 

Interradia narrow, but the two apical plates do not embrace 
the genital pores, which are on the flanks of the madreporite ; 
actiiially the posterior interradiuni is discontimioiis in the adult. 
Perignatliic processes single, upon an interradiai peristomiai ]}late. 

Peristome central, its margin composed of ten aiiibulacral and 
five interradiai plates ; buccal tentacles large, simple. 

Periproct actinal, marginal or supramarginal. Marginal pedh 
cellariie bifixl. A single covered splieridium in each ambulacrum. 

Internal structures close, broad, concentric, diseoiitiiiiious 
partitions and pillars, which radiate from points and occupy 
much space near the inner edge ; more or less continuous parti- 
tions limiting the ambulacra for some distance inwards. 

Becenf. Both sides of IST. America, Japan, Kamtschatka, Aus- 
tralia, 'New Zealand, Indian Ocean, Eed Sea. 

Genus Eceinodiscus, Breynius, 1732, ScIiecUasma,}i* 63, tab, vii. 
(pars). A^assjz, ISdl, Monogw cT EcJi, -vii', et 
pp. 62, 72; Grag^ 1S55, Cat. Bee. Ech. Brit. Mm. pt. i. 
p. 19. A. Af/assiz, 1S73, Bevision^ p. 531. 

Syn. Amphlope, Agass., ISJl ; Loloplwra, Agass., ISll. 

Test moderate and large, thin, flat, slightly raised dorsally, 
subcircular, widest posteriorly and truncated there. Two lunules 
or slits posteriorly, one in each of the median lines of the postero- 
lateral ambulacra ; lunules long, narrow, or broad and circular. 

Apical system central or slightly anterior. Madreporite 
central, large, stellate ; four genital pores beyond ; radial places 
small. Ambiilacral petals small, broad, unequal, closed ; the 
poriferous zones very broad ; aetinallj the grooves are single near 
the peristome, perforate, wavy, and they soon bifurcate and again 
near the margin ; a buccal process in each groove near the 
peristome. 

Interradia narrow, the two apical plates of each having a 
genital pore in their median suture. 

Peristome small, central, lobed or siibpeiitagonal. Jaws flat, 
stellate, teeth horizontal, placed above the perignatliic processes, 
which are single in each iuterradium and low and oblique. Peri- 
proct small, actinal, nearer the posterior edge of the test than 
the peristome. 

Internal structure with the central space free, and beyond to 
the inner edge there are stellate networks of cellular supports 
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and o£ pillars. Acbinal tubercles largcT tliaii the abaetiiial and 
tlie spines also, those of the dorsum are ciavate. 

Fossil. Tertiary : Europe, Africa, Asia. 

Eecent. Japan, B. coast of Africa, Bed Sea, Madagascar, Java, 
Philippines, E'ew Caledonia. 

Gen ns E^nXOpe, 1811, Monogr. (FEcli. mv. eifoss. livr. 2, 

Les Scutelles, p. 45. Miclielhi, 1851, Fev, et Mag. Zool. 
France^ p. 99. Liitlcen, 1863 (pub. 1864), Vid. Medd.f* Nat. 
For. FjoienJi. pp. Ill and 133. Verrill, 1867, Notes on 
Fadkifa^ p. 309. A. Agassiz, 1872-4, Fevision, pp. 126, 
324, 5-M. Loven, 1874, Etudes, p. 47. 

Test moderate and large, very depressed, slightly arched dor- 
sally, flat actiiially ; marginal outline rariable, circular, elliptical, 
ovoid or suhpeiitagonal, may he broader than long or the reverse, 
more or less traneated bebiud. A broad notch of greater or less 
length, or a lunule in the median lines of the amhulaei*a, and a 
luniile ill the posterior interradium. 

Apical system central, or excentrie in front; madreporite more 
or less stellate in outline, the five genital pores outside of it ; the 
radial plates small and the pores minute on its sides. 

Ambulacra divisible into a biv'um and trivium ; the posterior 
petaloid parts the longest, very nearly dosing, with very broad 
poriferous zones ; inner pores large, others small in very narrow 
grooves. Aetinally the amhulaeral grooves are perforated, bi- 
furcating and branching towards the margin. The second ambu- 
1 acral plates of all the zones are large, and unite so as to form a 
ring around the peristome, which is composed of ten small ambii- 
1 acral plates and five interradial plates. 

Interradia very narrow abactiiially, the highest pair of plates 
narrow and including the genital pore in the median suture ; 
actinally discontinuous, a single peristomial plate to each area. 

Peristome small, subpentagonal ; a single half-hidden spheri- 
diura ill each ambulacrum. Periproet small, between the posterior 
limule and the peristome, or entering the lunule. 

Inside, the test is very cellular, and there is a more or less 
continuous area with pillars and partitions, some concentric or 
radiating from many points near the edge within ; cellular strne- 
tiire separating the poriferous zones of the ambulacra from the 
intestinal tract and reaching inwards ; a corresponding structure 
becoming lamellar in tlie interporiferous areas, and another sur- 
rounding the jaws. 
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J a-ws small j stellate teetli snperior. Perigiiatliie processes one 
on eacli interradium, loWy narrow, Ijent. Spines short and cvliii- 
clrical aeiiiiaHj, verj small and ovate-lieaded dorsal! j. 

Fossil l^Iioccne: Ciiha. 

Beeent, W. coast of America, Califoraia, West Indies, Xueataii, 
Panama, Plorida, 

Siibgeniis SIoA’OPiiORA, Agassiz, IS 17 (genus), Bull, Soe. GtoL de 
France^ yoL h, p. 2S7. Cofteau^ ISSI, Bull. 8oc. Zool de 
Fuance, vol. ix. p. 340, pL xi. A. Agassiz, 1874 (sabgeaus), 
Ecli. ‘ Hassler^ Fx^cd., Ill Cat. Jins. Comp. Zool no. S (1), 
p. 13. 

Test moderate in size, discoidal, with a thin, subcircular or 
sliglitlr lobed margin, may be widest posteriorly : tumid dor- 
sally, flat actiiially. A single small lunule in the posterior 
median line. 

Apical system central ; madreporite large, genital pores on its 
flanks. 

Ambulacra with nearly equal petals, which are short rmd nearly 
closed distal ly ; poriferous zones broad; pores of pairs unequal, 
distant, separated by a long flexnoiis groove ; beyond the petals 
the pores diverge and penetrate the wide anibiilacral plates. 
Actiiially, the ambulacra] grooves are straight at the peristome 
and perforated, tlrny soon bifurcate and may ramify further out. 

Interradia narrow near the fipical system, smaller than the 
ambulacra, the posterior with a small oval oblong lunule in the 
line of its median suture. 

Peristome subcircular. Periproct small, not far from tlie 
peristome, and between it and the luiiiile. Tiiberdes abundant, 
close, small, smallest on the flanks of the ambulaeral grooves. 

Fossil Miocene : Haut Parana and Patagonia, South America. 

Genus MeIjLita, Klein, 1734, Ahf. Bisp. EeJi. p. 31, pL xxi. (ed, 
Paris, 1754, p. 90, tab. xi. flg. c). Agassiz, 1841, Monogr. 
i'FcIi. ini\ et foss. livr. 2, p). 34. Grag, 1851, Puoe. Zml 
Soc. p. 3(>. MiclieJiu, 1858, Fei\ ef Jlag, Zool p. 358. 
Verrill, 1S67, dVotes on Badiata, p. 312, and 1871, p. 5SS. 
A. Ayrm/r, 1872-4, Boilslon, pp. 140, 319, and 534. 

Test moderate and large, very flat, slightly arclied above, 
especially anteriorly, slightly concave aet-inally, edge rather sharp. 

XKX. JOUIIX. — ZOOLOGY, TOL. XXIII. 11 
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Marginal contour Tariable, subcircular, subpeiitagoiial, narrow 
and long or tbe reverse, nsnallj truncated posteriorly. Five or 
six lunules, usually closed, narrow and long, one in the median 
line of tlie posterior interradiuin, the others in the ambulacra, 
rarely developed as cuts. 

Apical system variable in position, central or exeentric in 
front, large, tbe luadreporite central, the radial pdates on its 
flanlvs, the four genital pores in the interradia. 

Aoibulacra petaloid abactiually, the posterior pair the longest, 
all nearly closed, with broad poriferous zones, pores distant ; 
interporiferoiis areas tumid, pdates very low. Actinally the palates 
are grooved sim| 3 ly and p^erforated near the peristome, the grooves 
bifurcate more than once towards the edge of the test. A 
single half-hidden spdieridiinn in each groove near the peristome. 

Interradia very narrow abactinally, the apically placed plates 
enclosing a genital pore in four areas ; discontinuous actinally 
except in the posterior interradium. 

Peristome smad, central or exeentric in front, with an orna- 
mented margin ; single interradial perignathic processes, short, 
curved, bent backwards. Jaws above tbe processes, rather flat; 
teeth superior. Periproet small, at the proximal end of the 
interradial lunule. 

Simple pillars and close radiating partitions connect the upper 
and lower surfaces of the test near the edge inside, and extend 
inwards as solid partitions and separate the am bul acral and intes- 
tinal areas, and a cellular structure limits the jaws more or leas. 
Spines club-shaped abactinally, spatliiform near the edges of the 
lunules, actinally straight and long, and cylindrical and curved 
near the ainbukcral furrows. Actinal tubercles rather large, 
with a raised warty intervening structure, abaetinal tubercles 
smallest. 

MsszL Pliocene and Post-Pliocene : FT. America. 

Secezii. Gulf of California, Panama to Peru, Galapagos, West 
Indies, F. and S. Carolina, Florida, Bermuda, Brazil ; (Eed Sea?). 

Siihgenus Medlitella. 

All the ambulacra! lunules as open slits in the margin. Genital 
pores four in number. Peristome and apical system exeentric 
posteriorly. 

decent Guayaquil, Panama, Galapagos. 

To receive Melliia 8tokes2% Agass., sp. 
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Subgeiiiis Asteiclxpeus, Vernll, 1867 (^eaus), Mtes mi 
Madiata, p. 811. A. Agassiz, 1S73, Memsiou, p. 538. 

Sjn. Cnistiilum, Troseliel. 

Test large, stout, depressed, circular in front, truncated poste- 
riorly. Petals siiglitly unequal j poriferous zones broadest at 
ike distal ends of tlie petals. Lunules long, narrow, the anterior 
tlie longest, all auibulaeral; the interradial liinule wanting. 
The calcareous pillars separating the jaws from the intestinal 
region absent. Eemainiiig interna] structure as in MelUta. 

Jaws flat, pitted iiiferiorly for the articulating processes of the 
girdle ; teeth superior, short. 

Meeent. China and Japan. 

Genus Lexita, Besor, 1847, Catal Eais. p. 84 ; 1858, Sgiiopsh, 
p. 222. E, Forhes, 1852, QMart Journ, Geol, See, p. 342- 
Test elongate, elliptical, depressed, only slightly tumid dorsaliy. 
Apical system with four genital pores. 

Ambulacra with open petals ; the pores barely conjugate. 
Peristome circular, central. Periproct supramarginal. A 
broad, smooth antero-posterior actinal zone along the median 
line, flanked by large tubercles. Pillars and septa absent within. 
Fossil. Eocene ; Europe. 

The next genus is of very doubtful walue. 

Genus Moexoxia, Besor^ 1857, Synopsis, p. 231. 

Test moderate in size, circular in outline, with a swollen edge. 
Apical system wifch five genital pores. Ambulacra! petals 
open. 

Peristome central, and the periproct between it and the pos- 
terior margin of the test. Ambulacral grooves actinaliy dichoto- 
mizing and branching. 

Fossil Eocene : Alabama, IN’. America. 

Genus Eorumi, Klein, 1734, A"at. Bisp. Eel. p. 31, pi 22 (ed. 
Paris, 1754, p. 94). Agassiz, Monogr. FEcl. vw. effoss, 
iivr. 2, Les Saddles, p. 23. Gray, 1855, Cat. Fee. Eel. BrU. 
Mus. pt. i. p. 16. A. Agassiz, 1873, Bevkim, p. 540. Zoven, 
Etudes, 1874, pp. 33, 83, pi. 46. fig. 238. 

Test moderate and small, werv flat, circular aiiteriorlr. with 

11 * 
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several sliort cligitations, varying in length at tlie sides and pos- 
teriorly, v’iili or without incisions, and two anterior luiiules ; 
slightly tumid dorsally, and Hat or concave actinally. 

Apical system small, central, tumid, stellate or not ; radial 
plates small and with minute pores at the end of the limbs of the 
star; the four large genital pores within the system, rather close 
and separated by part of the madreporite or in grooves. Madrc- 
porite central and extendijig outwards ; sutures not visible ; fifth 
genital pore absent. 

Aiiihiilacra well developed, siiheqiial, hut divisible into biviiiin 
and trivium, long, snbpetaloid, open distally, where the pores di- 
verge and are continued irregularly to the margin ; poriferous 
zones broad ; pores large, except quite apically, with or witliout 
a line of iuterraediate minute perforations. In wcH-dcfined 
grooves at the peristome, perforated minutely, ending in a peri- 
stomial projection w^here there are large pores, grooves bifurcate 
into the cligitations or not and in front. Splieridia, one in each 
peristoniial groove, half covered. 

Interradia very narrow at the apex and with one plate there ; 
disconnected actinally, except in the posterior area and sometimes 
in area 3, on account of the dimensions of plates 2 of the ambu- 
lacra external to the peristoniial series. 

Peristome small, central, snbpeiitagonal, with five slightly 
projecting ambulaerai processes, surrounded by ambulaeral and 
iiiterradial plates. 

Jaws short, small ; teeth superior ; perignathic processes inter- 
radial, single, small, low, hollow' towards the pyramids. 

Periproct small, circular, between the peristome and the digi- 
tations. Tubercles of the aetinal surface veiy uniform, small and 
close ; similar cliatribiition abactinally. 

Internal dissepiments wanting centrally ; no septum between 
ilie ambiikcral and intestinal areas ; some needles in the digi- 
tations and extending inwards as columns or layers, but scanty 
ill arrangement. 

With or without two anterior lunules. 

Mecenf, W. coast of Africa and Cape 'Verde Islands. 

■ Tliere are twm sections of this small genus — (1) with hiinilcs 
and intermediate ambulaeral pores, the type of which is Euli(f/mtl, 
Klein ; (2) without lunules, E. EiimjMi^ Kieim 



aENEEA AND aHOUPS OF THE ECHINOIDEA. 


1G5 


Subfamily Arachninw (p. 15S). 

Genus AuaciinoidkSj Breyuius, 1782, Belied, de Eclt. p. Gl, tab. 7. 
figs. 7-8. Ivleiiij 1781, Nat. Nisj). NeJi. p. 83, tab. 30. 
Agassiz^ 1811, Monogr. d'Ech. viv. etfoss. livr. 2^Les Belief elles-, 
p. 91. Grag, 1851, Cat. Bee. NcJi. Brit. Mus. pt. i. p. 13. 
A. Agassiz^ 1873, Bemsiou, p. 528. Lovm, 1871, Btiules, p. 31. 

Syn. Asterodaspis^ Conrad; Alexandria, Pfeffer, 1880 (?), 

Test tbin, very depressed, outline circular, edge tliiu, slightly 
sub conical dor sally. ' 

Apical system central, tumid, the madreporite surrounded by 
radial plates and four or five genital pores. 

Ambulacra very large, greatly exceeding the iuterradiain area, 
the petaloid portion with narrow poriferous zones very widely 
divergent and open distally ; plates of petaloid part compound, 
an aboral demi-plate and a large adoral primary ])late ; the trans- 
verse sutures riddled with minute pores ; actiiially the plates form 
the whole of the periatomial margin or not; the arnbidacral 
grooves straight, perforated by two buccal |>ores ; with or with-^ 
out a process passing over the margin ; and roacliing the apex, 
imperforate. Two spheridia to each ambulacra! groove near the 
peristome, bidden. 

lutcrradia small, narrow apically, ending tliere with two plates, 
excluded from the peristome or not; not perforated by pores. 

Peristome subpentagonal, central. 

Jaws fiat, wdth a crest and small rotulm ; teeth sxiperior. The 
perignathic processes arc stout, moderately tali and bent ; there 
are two placed side by side on each peristoinial interradial plate. 

Periproct abactinaJ, near the posterior margin, small, circular. 
Tubercles of the ambulacra in oblique series; interradial tuber- 
culaiion coarse, irregular, largest and least crowded actinally. 

The internal structure of the test sliows concentric rows of 
disconnected calcareous wmlls or calcareous pillars near tiie inner 
edge, braiiching and stellate nearer the middle of the test ; neither 
partitions limiting the ambulacra near the margin, nor hard 
structures separating the ambulacral and iiitestiiiai areas. 

Fossil. Pliocene: California. 

Meceut. Amboyna, N. Australia, Piinders Is., New Zealand, 
East Indian Islands, Burmab, Mergui. 

A Pfefier, 1880, Verhandl. cl. nat. Tereins. v. Hamb.- 
Alioua, 11 . 1C Y. ]). G3, appears to be an AraohnoUes with a pos- 
terior nolclu 
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Order V. The Spatangoida. Suborder Cassiduloidca. Tlie laiiiily Ecliino- 

neid®, Subfamilies and Genera. Genera incertte sedis. Inuiidy Ga,s8JdulKife 
and its Allianees and Genera and Subgenera. Family Colly iitidie aiui Geueun 
The Family Plesiospatangida) and Genera. 

Order Y. SPATANGOIDA (p. 25). 

Suborder Cassiduloidea. 

„ Spatangoidea. 


I. Suborder Cassiduloidea. 

Exocjclic nodostomes with a transverse or an oblk|uc elliptical 
or irregularly shaped or pentagonal peristome ; wilb or without 
floscelles.’* Apical system either compact or elongate. Ambu- 
lacra abactinally simple, petaloid or subpetaloid, usually similar. 
Interradia, some or all, with a single peristomial plate ; the pos- 
tero4ateral areas symmetrical actiually, without any fusion of 
plates ; no plastrons, Periproct in the posterior interradiiim. 

I. Family EcHiNONEiDiB. 

Subfamilies Eckimconk(B, EcMnonein<s^ Oligoyygince^ Eclilm- 
hfissmiB, 

IL Family CASSinuLiDiB. 

III. 5, CoLLYRITlD.®:. 

IV. PLESIOSPATANGIDiB. 


I. Family Ecir ojxetb.®. 

Cassiduloidea with variously-sized tests, ovoid or siib|)crita,goi:iid 
in marginal outline ; tall, subconical, or subhemispherical, or low 
and tumid dorsally; tumid and rarely fiat actiually. Apical 
system central, compact or subeompact, witli four peri:oratC5d 
basal plates. Ambulacra similar, moderate in width to narrow, 
dorsally apetaloiis or subpetaloid, rarely tending to close. Pores 
in simple pairs or rarely in oblique triplets aetiaaliy ; no iloBcolle. 
Tentacles homoiopodous. Peristome oblique or transverse and 
elliptical, rarely symmetrical; the number of interradial peri- 
stomial plates variable. Peripx*oct actinal, inargiual or supra- 
marginal. 

This Family is subdivided into four subfamilies. 
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I. Subfamily ^cTiinoconinm> 

Tall, conieal or subbennisj)herieal tests, rather flat actinally ; 
the peristome more or less symmetrical ; ambulacra with triplets 
of pairs of pores actinally ; periproct submargiiial or margiiial 

Genus Echinoconus. 

Lmieria, 

Genus EcHiirocoiTus, Breyuius, 1732, Schediasma de EJcJi. p. 57, 
pi. 3. fig. 12. Deso}\ 1842, Honour. d'Ech, viv. etfoss. livr. 3, 
p. 7. I], Forhes^ 1850, Mem, Geol, 8urv, decad, iii. pi. viii. 
Ooiteau ^ Trige7\ 1859, Ecli. de la Sartlie, p. 279. Lovm, 
1872, Etudes,, pi. sv. Martin Duncan^ 1884, GeoL Mag, 
p. 10. Eoi^en, 1887, EiJiang till Kongl. Eve7tsh, Vet,-Akad, 
Hamdl. Bd. 13, Afd. iv. no. 10 (Stockholm, 1SS8), p. 10. 
Duncan Sladen, 1889, Ann. ^ Mag. Ffat. Sist. ser. 6, 
vol. iv. p. 238. 

Syii. Galeriies^ Lmk. 1816, Anim. s. Yert. vol. iii. p. 20 ; 
Desor, 1842. Conulus, Klein. 

Test moderate, thin ; oval, circular, or subpolygonal in mar- 
ginal outline ; tali, conical, subconical, or tumid and subliemi- 
«pherical dorsally, flat or slightly tumid actinally. 

Apical system small, compact, witti four basal plates which are 
perlbrated ; the madi’eporite in the right anterior, the has ils 1 
and 4 in contact and behind the madref)orite, or slightly separated 
by one or b}?" botli of the posterior radial plates ; aiitero -lateral 
radial plates separating tlie basal plates or not. 

Ambulacra flush, or slightly raised, apetalous, straight; plates 
both low primaries and dembplates, wdth larger primaries, some 
compound plates ; pams of pores small, in simple series abactin- 
ally aud in oblique triplets actinally and close to the peristome. 
Interradia with a moderate number of broad, not very high plates. 

Ornamentation of numerous small primary tubercles, and 
an epistj’omii of scattered distant sharpish granules. 

Peristome central, sunken, slightly decagonal, symmetrical; 
f 5 ome interradial marginal regions with one jjlate only ; with an 
ascending, slightly developed tube; ten small, thick, buccal 
plates close to the margin. Perigiiathic girdle reduced to a 
thickening of the interradia as a low false ridge. Jaws none. 
Periproct marginal or submarginaL 

Fossil. Cretaceous : England, Europe, IST. Alrica, Asia. 
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It does nob appear that tlic intercBting species first of ail 
noticed b}" d’Orbigiiy, and reclescrihedby M. Cotteau, Dose. Ihls. 
fosB. dc Cuba, 1881, in Ann. do la Soc. gcol. do Edg. voL ll’dni, 
p. 11, pi. i., can enter EcMnocomt.^. 1 have tbcrcroro dofuied a 
geniis Lanier ia for tlio so-callcd EcJiinocQUits Laiilen. 

Genus Laptiepia, gen. nov. . 

Test moderate, bigb, subglobular, sliglitly elliptical in marginal 
outline, broader than high, narrower and Blighlly tumid actinally. 

Apical system central, projecting, pentagonal, with iiAm hasals 
largely perforated by genital ducts ; inadroporito in the right 
anterior, and also occupying the centre of the system and sejia- 
rating basals 1 and I and reaching basal 5. Eadial plates euterijig 
the periproctal ring. 

Ambulacra etraiglit, narrow’, flush, apetaloid; pairs of pores 
directly superimposed except actinally, where there is an aiTaiige™ 
inent of triplets in arcs. Tiihereles of tlie intorporiferous areas 
small, perforate and creniikte, larger near the poriferous zone, 
in two or more yertical rows. 

Interradia large, with several vertical rows of primary tubercles, 
two of which reach the apex, scrobiciiktc and with granules 
between. 

Peristome central, circular, sliglitly notched. Pcriproct rather 
large, elliptical, close to the peristome and reaching close to tlio 
posterior edge of the test. 
loml Cretaceous or Eocene : America (Cuba). 

This genus admits Galenles^Eclilnoconm Lmilcrl^ d’Orb. 


II . Sub Family Ecli i n one i n (£\ 

Tumid, low tests, more or less pulviiuito actinally ; peristoino 
central or subcentral and oblicpiio. 

Genus EcliMoneus* 

Amhfypygus* 

Caratomus, 

Fygaulus. 

Pyrina, 

8ubgwms Nueleopijyuii, 
itvnm /hwrilwpijgns. 
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Genus EcHmoisiEtJs, Tan Phelsiun, 1774, Brief aan Oornelius 
Ifozeman. Leske, apud Klein, 1778, p. 173. I)esor^ 1S5S, 
Synopsis, p. 197. Loveii, 1872, Etudes, pis. ix. and xv. 
A. Agassiz, 1872-74, Bevision, p. 332. Bmccm, 1S81, Oeol 
Mag. p. 17. 

Test small, thin, elongate-ovoid in marginal outline, tumid 
dorsally, flat a(3tina]ly, depressed. 

Apical system central, small, compact; four basal plates per- 
forated by ducts, the posterior pair united, sutures fused, fifth 
basal absent ; the madreporite in the right anterior basal. Eadiai 
pores very small. 

-Ambulacra similar, flush, apetaloid, narrow, broadest above the 
ambitus ; poriferous zones narrow, straight, sunken or not ; pairs 
of pores numerous, in straight series, some are in low primaries 
and others are in larger primaries associated with a small deini- 
plate also currying a pair. Tubercles of the interporiferous 
areas crowded, sunken or not, small, simple, and without ma- 
raelons. 

luterradia with crowuled tubercles resembling those of the 
ambulacra ; but many small, glassy, spineless tubercles of epi- 
stroma occur. 

Actinally the ambulacra arc unequally broad, in consequence 
of the obliquity of the triangular, rounded-angled, large, central 
peristome. This is longest between the interradia 2 and 4 and 
the edge of ambulacrum v. At the peristomial margin the 
interradia 2 and 4 have two plates, but all the others only have 
one. The actinal membrane is covered with pentagonal plates,^ 
which become more numerous towards the centre of the area and 
the small mouth. 

Periproct iiiframargmal, large, long, oval, separated from 
the peristome by a single interradial peristomial plate and the 
succeeding pah’ of plates. Tlie membrane without tentacles. 
Pcriproctal plates large near the edge anteriorly. Spines short. 
Ambiilacral tentacles homoiopodous, diseiferous. 

Fossil Miocene : N. America. Late Tertiary : Q-uadeloupe, 
Cuba. 

Beeent. Caribbean Sea, Florida, Australia, Kiogsmill Islands, 
Zanzibar. 



170 


PEOF, P. M. BPI^CA-N’s EETISTOIST OF THE 


G-eniis AMBiiTPTG-HS, Agassiz, 1810, Gatal, Sgsf, Ucfgj?^ JtJaJiia, 
Mtis. Moe, p. 7. Desor, 1858, Si/Jiopsis, p. 255. Daiumi 
Sladeri, 1883, Fal Ind, ser. xiv., Foss. Feh. Kachh if Eat. 
p. 12. Duncan, 1881, Geoh Mag. p* 17. 

Test large, stout, ovoid or subpeiitagojial at tlic tumid ambitus, 
moderate or depressed in height, tumid and convex dorsal ly, 
more or less swollen actinally, around the peristome. 

Apical system central or subcentral, small, four basal plates 
with large duets, and perforated by the inadreporite, which is 
largely in the right antero-lateral basal, and which may pass 
between the postero-kteral basals and even separate the pos- 
terior radial plates. Eadial plates small. 

Aitibulacra narrow, flush or slightly raised, apetaloid, conii- 
nuoiis from the apex to within the peri^oinial tube ; poriferous 
zones expanding below the apical system and contracting before 
reaching the ambitus, thence becoming very narrow and con- 
sisting of a straight series of oblique small pairs ; at the expanded 
part the pairs are separated by a raised costa, the inner pores 
are circular, the outer series being transversely elongate and the 
pores are connected by a groove. Plates are mainly low primaries, 
each with a pair of pores ; hut many are composed of a small 
denii-plate and a large primary combined. 

Interradia broad ; unequally broad at the peristome, where the 
plates are single in all the areas except 2 and 4, in which tliere 
are two peristomial plates ; all these plates pass up slightly and 
form a kind of mouth-tube. 

Tubercles of both areas very small, ci^enulated, distant, and 
'separated by sharp epistromal granules. 

Peristome large, oblique, the long axis between intorradiai 2 
and 4, sunken, deep, widely open, irregularly triangular, wilu'j a- 
long and short axis, siibceiitral. Periproct large, pea,r-sha[H‘d, its 
long axis in that of the test, situated near the peristome and 
between it and the posterior margin. 

Fossil, Cretaceous: Cuba (?). Eocene : Europe, E. Africa, 
Asia, Tertiary : Jamaica. 

Genus Caeatomus, 1840, Gatal, Sgst. Fciijp, Feh, Mm, 

WeoG. p. 7. Desor, 1842, in Agass. Monogr. FFeh. viv, et/oss. 
livr. 3, p. 35. Ootteau Triger, 1859, Bel, de la Barihe, 
pi. xxxi. figs. IS-IO, 

Test small, depressed, ovoid or elliptical in tumid outline, 
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rather widest posteriorly, swollen dorsally, flat or pulvinate 
actiiially, and may be subrostrated beliind. 

Apical system compact, with four basal plates well perforated ; 
tbe madreporite large and extending backwards in the usual basal, 
separating the posterior lateral basals and touching the posterior 
radial plates which are in contact. 

Ambulacra moderately broad, straight, flush, widest at the 
ambitus, narrowing dorsally and less so at the peristome ; plates 
primaries, low, broad, each with a pair of pores ; pairs of pores 
in simple straight series dorsally, continued to the peristome. 

Interradia with a moderate number of plates with small orna- 
mentation. 

Peristome central and oblique, the long diameter being between 
ambulacrum v. and interradium 2, sunken. Periproct infra- 
marginal and marginal, triangular, with rounded angles. 

Fossil. Cretaceous : England, Europe, Africa. 

There may be some backward prolongation of the peristome in 
some species of Caraiomus, and in M. Cotteau’s valuable memoir 
it appears that its long axis may be between amb. ii. and 
amb. iv. 

The next genus is not a satisfactory one, for some of the 
species are barely separable from Caratonms^ and there is some 
doubt about the generic position of the IST.-African forms wich 
semi-petaloid ambulacra. 

G-enus Pxgaulus, Agassiz, 1847, OataL rais., Ann. d. Sei, Wat, 
vol. vii, p. 158. Besor, 1858, Spiopszs^ p. 251. Ootf.^ Fe-ron 
^ Gauth. 1876 and 1884, Ech. foss. de V Alger, new ed. of 
fasc. 2, p. 75. 

Test small, thick, tumid at the ovoid or elliptical ambitus, low 
and slightly convex dorsally, pulvinate actinally, subrostrated 
posteriorly. 

Apical system slightly excentric in front. 

Ambulacra narrow^ increasing in width to the ambitus and then 
diminishing ; poriferous zones narrow ; pairs of pores in simple 
series, and the shape of the pores of a pair may be different, 
and either circular or elongate transversely. 

Peristome elongate, more or less oblique, and sunken, and the 
pairs of pores are very slightly crowded at the margin. Periproct 
inframarginal and ovoid-elongate or marginal. 

Fossil Cretaceous ; Europe, N. Africa. 
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Genus Pirifa, Des IloiiJins, 1883, Eludes sur les Em. p. 20. 
Jr/(ih‘sb, IHiO, Ottl(d. Si/st. Etii/p. Eel. Mms. Keomm. p. '7, 
Ecso/% lSl!2^ in Ai/ass. Mouo^rmrEch. rie. el f ss. livr. 8, 
p. 25. Ee Zoriol, 1S73, Ech. lEdv. Cret. p. 201, pL 11; 
1888, Emine Cret. Eoriitg., Ech. vul. ii. fasc. 2, p. 7S, pi. xvi. 

Test small or moderate, ovoid, elongate, bi’oader than liigli, 
tumid at the margins aud swollen abactinally, maybe pulvinate 
actinally. 

Apical system compact, with four basal plates, tlio two posterior 
radial plates close together; inadrcporitc large, in the large right 
anterior basal plate, reaching back but only to the edge of tlio 
posterior basals which are in contact ; four generative ])o,r(‘s and 
no filth basal plate, or comjfieinentary plates may exist behind a 
small madreporite. 

Ambulacra flash ; poriferous zones narrow, widely open at the 
ambitus, apart yet closing much actinally. Pairs of pores 
nurneroiis, small, and separated by costm, ii on-conjugated, in 
simple series dorsaily, more or less in oblique triplets actinally ; 
plates primal ies, low and broad, with demi-plates. luterradia 
broad. 

Peristome nearly or quite central, elongate-elliptical, slightly 
oblique, the long axis being between zone h of amb. iii. and zone 
a of amb. i. 

Ornamentation of both areas diffused and vmy equal, of sunken 
primary tubercles, crenulate and pcrfoi'ate, wn'tli large and small 
rounded grauules on the intermediate structure. 

Periproct pyriform, supra-margiual, elongate, but I'omoto from 
the apical system. 

EossiL Cretaceous : England. Cretaceous and Eocene : Eu- 
rope, Cretaceous : N, Africa. 


S'ubgemis IN'ircLEOPYatrs, (genus) Agassiz, LSdO, Outal Sgst. 
Ectjjp. Ech. 3Ius. Eeoc. p. 7. Desor, 1842, in Agass. 3louo(jr. 
(VEch. viv. etfoss. livr. 3, p. 32; Egno 2 ms, 1858, p. 188 a. 
Test small, circular or oblong in tumid marginal outline, de- 
pressed, swollen aboim, subpulvinate actinally. 

Apical system compact, with four basal plates and five radial 
plates all perforated, the posterior radials touch. 

Ambulacra apetalous, straight; pairs of pores in simple scries. 
Peristome circular or elliptical, but with a decagonal uuilinc. 
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Periproct large, superior, more or less remote from tlio apical 
system. 

Fossil. Oolite and Cretaceous : Europe. 

It is an unsatisfactory genus, and probably will merge ciiliroly 
into Fyrina. 

De Loriol, 18S8, Eaiine Cret. da Portng*., Ecb. vol. ii. fasc. 2, 
p* 80, describes Fijrina glohosa^ which is inseparable from tlic 
genus, and obriates the necessity of retaining the genus €fIobatoj% 
Agassiz, 1880. 

Geuus AxoRTiroPYans, Qottcau, 1859, Ech. de la Sarihe, lirr. 4, 
p. 177, pi. xxxi. hgs. 1-9 ; 1803, JEcli. Foss, des Fgren. 
p. 36. Be Loriol, 1888, Faune Gref, div Fortiig., Ech. vol. ii. 
fasc. 2, p]. xiii. 

Test of moderate size, more or less swollen above, low ; almost 
flat below ; subpoutagonal or circular in outline at the ambitus ; 
sometimes sub coni cal and moderately high, and slightly trun- 
cated behind. 

Apical system central, compact, granular at the surfliee, with 
four basal plates and five radial plates. Madreporite large, in the 
right anterior basal, and separating the postero-lateral basals 
1 and 4, occupying the position also of the posterior basal, and 
separating tbe posterior radial plates. 

Ambulacra narrow, increasing in width to the ambitus, and 
then narrowing to the peristome. Poriferous zones simple, con- 
verging above, and pairs simply superposed. 

Peristome elliptical, longest transversely in an opening in a 
deep impression on the actinal surface ; bnmehial incisions small. 
No traces of jaws or a perignatliic girdle, Periproct flush with 
the test, large, oblique, irregular, situated between the apex 
and the posterior margin. Tubercles of the areas small, perfo- 
rated, crenulate and serobieulate. 

Fossil. Cretaceous (Cenomanian) : Europe. 


Ill, Subfamily Oligopgg i u m. 
Tests wdth very small periproctal openings. 

Genus Hamea. 

OUgopygus. 

The next geuus is a very unsatisfactory one. 
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Genus Haimea^ Michelin^ 1851, Bed. et Mckj, ie Zoot p. 92. 

Test small, moderately high, tumid and slightly elongate. 
Apical system nearly central and with four generative pores. 

Ambiiiacra tumid, imperfectly petaloid, open, passing over the 
margin to the peristome ; pores oblique. 

Peristome central, pentagonal, and without boiirrelets, Peri- 
proct very small, oval, and placed nearer the peristome than tbe 
posterior margin. 

There is only one species to this genus, and the geological 
position is not known. In Michelin’s figure the form is not 
larger than a nut, it is truncated posteriorly, and swollen and 
subspiierieal ; it appears to he a figure of a cast. 

Fossil. Distribution unknown. (Cretaceous ?, France.) 

Genus Oligopygtts, Be Loriol, 1887, Bee, Zool Suisse, t. iv. 
no. 3, p, 394. 

Test moderately large, thick, oval, elongate, depressed, tumid 
actinally. 

Apical system central or subcentral, compact, small, four 
perforated basals; madreporite central and extending to the 
posterior radials ; radial plates with very small pores. 

Ambulacra slightly differing in length, otherwise similar, 
almost flush, semi-pet aloid, widely open. Poriferous zones broad ; 
pores equal. 

Peristome central, elliptical, broader than long, in a concavity 
of the test ; floscelle and jaw^s wanting. Periproct very small, 
circular, opening actinally between the peristome and posterior 
margin. Tubercles small, imperforate, serobicules sunken. 

Fossil Tertiary : Florida, N. America. 

IV. Subfamily F c li i n ohr i s s i n te. 

Tests depressed, elongate, tumid. Ambulacra subjUitaloid. 
Apical system and peristome exceutric, the latter variable in 
shape, and with single interradial marginal plates ; floscello absent 
or rudimentary. Periproct supramarginal. 

Genus JBchinobrissus, 

Subgenus Dochmostoma, 

Oligopodia, 

Genus Anochams, 

Botriopygus, 

Ilariona. 
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Few genera of fclie Ecbinoidea haye received more attention 
than UcJiinobrissus, Ereynius, and JSfucleoUtes, Lamarck. They 
have been mo^t satisfactorily and candidly studied by Cotteau 
and A. Agassiz during late years, and have been united by the 
last-named author. He has shown that the singularly insufficient 
character which was supposed to separate the genera, namely, 
the presence or absence of grooving between the pores of a pair, 
may be seen in the same petal of a specimen of a species. 

The so-called conjugation of pores of a pair is of no physio- 
logical importance, and taken alone is of no elassificatory value ; 
but when it occurs with other characters it may assist to group 
sets of species together in a genus. The obliquity of the 
peristome is of greater importance, and, all other characters being 
the same, it is of subgeueric value ; but if other characters of 
importance differ, the obliquity should be of generic value. But 
in Ucltinohrisstis the obliquity is of subgeueric value, and relates 
to the forms wdiich d’Orbigny, not very felicitously, called Tre- 
mafopifjtis. 

The possibility of retaining the recent species in the genus is 
a matter of doubt, and as they have modifications of the pori- 
ferous zones below the petaloid portions, they should come under 
a subgenus Oligopodia. 

Genus Echinobiussus, Breynius, I7b2, Schediasma de Ecliin, 
p. 62. Graij^ 1825, Ann, Fliil. p 7 ; 1855, Cat. Mcli. Brit, 
3£tis, p. 37. Milne-Edimrds^ 1836, Cuvier's Meg, Anim. 
eel. ill, Eesor, 1858, Sgnopsis, p)p. 257, 263. Ziitel, 1864, 
Novara Meise^ Eoss, Moliisc, ii. Eeh. a. N, Zealand^ p. 62. 
A, Agassiz^ 1872-74, Mevision of the Edimi, pp. 555 & 557. 
Cotteau^ 1884, Bull. Soc^ Zool. France, vol. ix. p. 336. Bmi- 
can, 1887, Quart, Jounu Geol, Soc, sliii. pp, 420 & 429, 
Bell, 1887, Ann. Mag. Nat. Rist, ser. 5, vol. sx. p. 125. 

Syn. NiicleoUies, Lamarck, 1801; Agassiz, 1847, Cat. rais., 
Ann. des Sci Nat. vii. p. 153. Trematopygus, d’Oiffiigny. 

Test rather thin, depressed, elongate, rounded in front, broadest 
and more or less truncated behind ; or square, with the angles 
rounded; or subcircular; tumid above, concave aetinally. Abac- 
tinally grooved posteriorly. 

Apical system subcentral or exeentric in front ; four perfo- 
rated basal plates ; madreporite in right anterior basal, or extend- 
ing into others, or separating the lateral basals of one side from 
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those of tlie other; iisually tlie postero-latoral radial plates are 
in contact ; or ccnipleinentary plates may separate tlie postcro- 
lateral basals cj-id radials. 

Am])iiiacra iiiK^qual, flash or sliglitly raised, open at the end 
of the siibpetaloid parts ; pairs of pores iu simple series, more 
or less unequal in shape and size, the outer elongate ; below the 
siibpetaloid part the pores in small oblique pairs, conjugate or not. 

Peristome exceiitric in front, deeply seated, pentagonal, elon- 
gate or rarely circular, elliptical, transverse or oblique ; without 
boiirrelets, and with very rudimentary or absent phyllodes, and 
only slight doubling of pores. Periproct usually elongate longi- 
tudinally, may be transverse, .placed at the upper part of the 
posterior groove, which extends wtith variable lengths towards 
the apex ; periproctal membrane with large plates near the edge. 
Tuberciilalioii small, larger actinaliy. 

Fossil. Oolite: England, Europe, A-sia. Cretaceous : Enghiiid, 
Europe, N. Africa, Asia. Eocene : Europe. Tertiary (late) ; 
Australia, JM. Zealand, Java. 

Siibgeniis Eocemostomx. 

8yn. Trematojn/^iis, (genus) d’Orb. 

Peristome oblique. 

Fossil. Cretaceous : Europe, N. America. 

Subgenus OLTCfOPO.i)iA. 

Ambiilacral pores single belo-\v the petaloid part. 

Fecent. ]N”ew Zealand, Madagascar, East Indian Islands. 

Cotteau has probably seen and examined more species of 
nohrissus than any other paleontologist, and as far ])ack as lS7l 
he gave an amended diagnosis of the genus in PaL Pran^n, TYu’r. 
J ura, ix. p. 23d. He noticed the variability of tho position of tlio 
inadreporite and of the periproct. Later, in 1881<, tho Baiue 
careful observer (Eiill. 8oc. Zool. de Eraiico, p, 330) stated tliat, 
after a study of twenty-six species, he found that tlie inadreporite 
in general tonclios the postero-lateral basal plates, and that 
sometimes it separates these plates, aud it may even separate 
the postero-lateral radial plates; even compleirientaiy plates 
may separate , the basal plates and tho radials, these structures 
not being seen in all individuals of the same species. The peri- 
proct varies in its position from toiicliing the apical system to 
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anywhere between tlie ai3ical system and the posterior margin of 
the test. 

These remarks dispose of the five genera or subgenera sug- 
gested by M. Pomel; M. Cotteau (op. eit. p. 836) writes that the 
characters depended upon for their separation are of specific 
value only. 

We shall have to recur to this decision, in which we fully 
concur j further on in noticing the forms referred to Semiaster, 

It is certain that the typical species of UeJiino'brissws, as well 
as the recent forms, have no true floscelle, and this condition is 
exemplified in iE. Meslei, Peron & Grauthier, from Algiers. But 
MM. Cotteau, Peron & Grauthier, and also M. Ooquand, admit 
species into the genus which have bourreiets and phyliodes, sueh 
as U. tfiiliem, U. inmqidjios,, JS. sififensis^ and others which are 
described in ‘ Ech. foss. de T Algerie,’ fasc. 7 8. These have 

well- developed phyllodes and all the characters of Gassiclulns, 
except the unimportant aetinal median bare band (see Qassi- 


Grenus Afoohakus, Gricbe, 1869, Momtsb. cl. h preuss. Ahad. 
d. Wiss. zio Berlin (1868), p. 178. 

Test small, resembling Biicleolites e^igonus^ Martens in shape, 
and in the position of the peristome and periproct ; having no 
visible madreporite or basal plates ; the dorsnin occupied by a 
marsupiiim which does not lead into the cavity within the test, 
but which is surrounded by a raised rim of calcareous tissue, 
lined with soft parfcs which bend in from the outer derm, and are 
covered with pediceliarim and protected at the narrow external 
0], ling by spines ; larger pedieellariac on the outside of the test. 
Thv perfect young are found within the marsupiuin with spines 
on'tnem. 

Eecent. Probably China. 

G-enus Boteiopxgtjs, d'^OrUgmi^ 1855, Pal. Prang,^ Eeh. ferr, 
Oret p. 334. Desor, 1858, Sgno^sis, p, 278, pL xxxi. Be 
Loriol^ 1873, Pal. Stdsse, Terr. Grit. pi. xvi. fig. 3 j 1884, Bee. 
Zool Suisse, i. p. 615. 

Test small and moderate, elongate ovoid at the narrow, tumid, 
somewhat undulating margin, broader behind than anteriorly, 
^ OUgopodia epigomis, Martens, sp. 


LiOT. joubk. — zoonoGT, Ton. xxiii. 


12 
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and more or less trancated, low and arclied dor sally, flat or con- 
cave actinally ; grooved or not posteriorly. 

Apical system excentric in front, small, and with four per- 
forated basal plates. 

Ambulacra flush, unequal, long, open, and siibpetaloid, tlie 
pores iinecjiial ; zones broad. 

Peristome sunken, excentric in front, oblique, siibpentagonal, 
with, only sliglit doubling of pairs of pores, and no true floscelle. 
Periproct supramarginal, oval, elongate. Tubercles nearly equal 
in size throughout. 

Fossil Cretaceous : Europe, Asia (S. Hindustan), K*. Africa. 

Greuus Ilaeiona, Barnes^ 1877, FaloBontocjrapJdca, n. E. i. (xxv.) 
p. 34. 

Test elongately oyal or oviform, subdepressed, more or loss 
convex above, fiat or slightly convex below ; margins very thick 
or tumid. 

Apical system compact, excentric in front. 

Ambulacra petaloid; petals short, unequal, lancet-shaped, 
contracting and nearly closed. Poriferous zones equal ; pores 
round or oval, conjugate. 

Peristome decagonal or sub decagonal, with a raised rim and 
special tubercles. Eloscelle absent. Periproct elongately oval, 
on the upper part of the posterior vertical truncation of the 
test. 

Ornamentation very uniform ; tubercles small, sunken in deep 
scrobicules, close ; miliary granulation confluent and compact. 
A more or less bare band between the peristome and periproct. 

Fossil Eocene: Eiiro 2 )e, Asia (Sind). 

The peculiar and distinctive structure of the peristome was 
discovered and carefully pointed out by W. Dames. He riotices 
(Ech. d. Ticent, u. Yeron. Tertiiir. p. 84, Pala3oiitographi(?a ui 
supra) the outline is decagonal, which might be represented by 
an equilateral pentagon from which the angles had been abruptly 
truncated by short lines — the long lines, corresponding with, tlic 
interradia, being granular, whilst the short lines, corresponding 
with the ambulacra, are smooth. At the junction of the long 
and short lines a small smooth tubercle is present, the peristome 
being therefore surrounded by ten of these protuberances. 
The margin of the aperture is raised, and extends far into the 
body-cavity. 
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Genera incertce seMs. 

Genus Desorella. 

Omclypeus. 

Geims Desoeella, Ooftean, 1862, Eev. et Mag* de Zool, (psirs) ; 
and 1867-74, Fal* Mwig*, Eoh* terr* is. p. 384. 

Test of moderate siz5e, subcircular in uudiilating ambitai out- 
line, subconical dorsallj, pudnnate actinally. 

Apical system absent, leaving a large scar ; probably a large 
madreporite vseparated the posterior radial plates. 

Ambulacra with simple pairs of pores, not doubling near the 
peristome. 

Peristome sub decagonal, oblique or not, sunken. Periproct 
elongate, just supramarginal, large, pyriform, distant from the 
apical >system. 

Fossil, Oolite: Europe. 

This is now a very unsatisfactory genus, and it formerly in- 
cluded Fsetulodesorella^ which is a well-defined genus. It has 
been determined from casts of species. 

Genus Ovicltpetjs, Barnes^ 1877, FalmontogragyMca, Cassel, Bd* 
sxv., Fell* Vicent* u* Yeron. Tert. p. 44. 

Test large, with an oval tumid margin, subhemispherical dor- 
sally, slightly tumid actinally. 

Apical system slightly excentric in front, small, with four 
genital pores. 

Ambulacra similar, with wide poriferous zones extending to 
the ambitus and furthest apart there, diverging replarly from 
the apex downwards, diminishing in the distance of their pores 
at the margin of the test, showing no tendency to close. Pores 
circular, becoming slit-shaped with distance from the apex, ivide 
apart and probably with a wide intermediate groove, lasting to 
the narrowest part of the zone; costse with close miliaries. In- 
terporiferous areas narrow, with numerous small, close primary 
tubercles, which are probably plain and scrobiculate. Actinally 
ten grooves extend from the margin to the peristome, producing 
the appearance of five compound grooves, each groove is a pori- 
ferons zone ; no doubling of the pairs is seen. 

Interiadia tumid, wider than the ambulacra, crowded with 
similar small, scrobiculate, primary tubercles, some hexagonal. 

12 # 
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Peristome sliglitly excentric in front, deeply sunlven, the iii- 
terradiai margins projecting and tumid. Periproct marginal, 
moderatelj large, elliptical, with a downward projection. 

Fossil. Eocene : Europe. 

IL Family C ASSiniJLiDiE. 

Cassiduloidea wtli very variably shaped tests; ambulacra 
petaloid, siibpetaloid, or apetalous dorsally, and with crowded 
doiiUing of the pairs of pores close to the peristoinial margin, 
forming with the single swollen and ornamented interradial peri- 
stomial plates a iioscelle.” 

This Family contains 27 types, and they may be grouped 
artificially around four genera. 

Alliance of Genus Oassidulus, 

Subgenus Rhpichopygus, 

Fygorhynclms. 

Genus Stigmatopygus, 

EcUnmithiis. 

Subgenus Hardouinia. 

Genus EurJiodia, 

Paralampas. 

Alliance of Genus Catopygus. 

Subgenus Studeria, subgen. nov. 

Genus Neooaiopygus. 

FhyUobrissiis. 

Alliance of Genus Clypeus. 

Subgenus Clypeopygus. 

Genus Pygurus. 

Faujasia. 

Galeroclypeus. 

FseudodesoreUa. 

Alliance of Genus Echiuokmqxts. 

Subgenus Mliktla. 

Genus Phylloelypeus, 

Conolampas. 

Plmolampm, 

Subgenus Oriokmpas. 

Genus Palmlampas. 

Mm'olampas. 

Neolampas* 

A. Agassiz gives some very valuable notes upon the distinction 
of the genus Qasddulus, Lmt., and the genus Bhyneliopygm^ 
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d'Orb» He observes (Eevisioiij p. 342) that Lamarck^s genus 
contained two types, 0. lapis-caneri and C. caHllecmmij witli 
G, Marmiiii^ tbe former being retained to represent tbe typical 
Cassidulids, and tlie others being associated with the genus 
Blipicliopygus by Desor and Liitken. He places, however, this 
last-mentioned genus as a subgenus. I consider that this is 
the correct view, and therefore the most beautiful and elaborate 
drawings of (7. earibhearmn and other forms given by Loven, in 
his Etudes, figs. 61~6'7 & 130, 179, relate to the subgeniis. 
Desor relied too much upon the taxonomic value of one of the 
structures of Cassiduhis^ viz. the cribriform or smooth tubercle- 
less median aetinal band, which has been shown by Loven to be 
unimportant, as it may be seen in the subgenus as well as in 
the type; or it may not exist (see also A. Agassiz, Eemsiou, 
pi. XV. fig. 8). The only distinction is the lateral extension of 
the overhanging periproct of Eliijncliopygics, 

Geiiiis Cassibulijs, ZfMWrtrr/j, 1801, sans Vert, p,348. 
Agassiz ^ Desor, 1847, Cat. rais*, Ann. Sci. Mat. vii, p. 157. 
Desor, 1858, Synopsis, p. 288. Luiken, 1863 (pub. 1864), 
Vid. Medd.f. Maturli. Foren. i Kjolenli, p. 126. A. Agassiz, 
1872-74, Beidsmi, p. 342. 

Syn. Troclialia, Pomel, 1883=H5jfero2>msz^;s, De Loriol, 1888. 

Test small, oblong, depressed, broadest posteriorly, longer 
than broad, broader than high, convex abactinally, flat actinally. 

Apical system excentric in front or subcentral ; four perforated 
basal plates ; the maclreporite passing back and separating the 
postero-lateral basals, but not tbe radial plates. 

Ambulacra subsimilar, short, flush, subpetaloid, not closing ; 
pores continued from the petaloid part to the floscelle, which is 
well developed. Tentacles both simple and branchial (hetero- 
podoiis). 

Peristome excentric in front, the bourreleta narrow and strong, 
the phyllodes in grooves. One peristomial plate to each inter- 
radium. Usually a median band behind the peristome where 
there are no tubercles, and where the test is either cribriform, 
pitted, or plain, or it may be absent. The periproct supramar- 
ginal, at the commencement of a groove, elongate longitudinally. 
Tubercles small aud very close abactinally, large and distant 
actinally, except on the median area posteriorly. 
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Fossit Cretaceous: Europe, Asia, Africa, W, Africa, and 
N. America. Eocene : Europe, Asia, 'N. America. 

Siil}geniis Ehtfchopxgus, cVOrllgny , 1855 (genus), Fal . 

Terr. Cret. vi. p. 324. A. Agassiz, 1872 - 4 , Bevision, 
pp. 342, 553. 

Cassidiilids having a test vrith a rostrum overhanging a trans- 
versely elongate supramarginal periproct. 

Fossil. Cretaceous .* Europe. Eocene : Europe, Africa, Asia. 
Late Tertiary : Guadeloupe, W. Indies. 

Becent. Caribbean Sea, Panama, California, Galapagos. 

Subgeniis Pxgorhtfchus, Agassiz, 1839, Eclim. foss. Same, 
p. 53. 

Syn. Cyrtoma, McClelland, 1840. 

Test moderate in size, tumid abactinally, concave actinally. 
Petals long. 

Peristome longest transversely, with a well-developed floscelle. 
Periproct supramarginal and transverse. A more or less bare 
median band in the posterior interradium actinally. 

Fossil. Cretaceous: Europe, Asia. Eocene: Europe. Mio- 
cene : Europe, America, Australia. 

Genus Stigmatopygus, cVOrligny, lS55,Fal Franc., Terr. Cret. 
vi. p. 331. Fesor, 1858, Synopsis, p. 296. StoliGzhi, 1873, 
Cret. Faima S. India, Mem. Oeol. Snrv. Ind., Fal. Ind. 
ser. viii. vol. iv. pt. 3, p. 27. 

Test of moderate size, ovate in marginal outline, subliemi- 
spherical, flat actinally. 

Apical system subceiitral, with four basal plates, the madre- 
porite in the largest, tbe right anterior ; the basal plates perforated 
by genital ducts except the right anterior. 

Ambulacra petaloid, narrow, moderate in length, none reaching 
the margin, unequal, narrowed distally, the anterior tlie longest. 

Interradia finely granular actinally, witli coarse inamiiiated 
tubercles most numerous at the floscelle, large and finely tuber- 
ciliated abactinally. 

Peristome slightly depressed, large, subpentagoiial ; floscelle 
greatly developed, the bourrelets long and tumid, and projecting 
into the peristome, and the amhulacral lips angular, large, and 
projecting inwards, the phyllode being on either side of them. 
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The periproctis narrow bottle-shaped at the upper part, in a long, 
narrow, posterior groove, which is shallowest and broadest just 
above a tongue-shaped slope at the margin of the test ; irregular 
minute grooves on the sides of the groove. Spines small, closely, 
longitudinally striated. 

FossiL Cretaceous : Europe, Asia (S. Hindustan), W. Africa. 

G-eiius EcHrN'AiTTnus, Breynius, 1732, Sehed. de Foliinis, p. 53 
(pars). Besor, Synopsis, 1858, p. 291. (See p. 149 of this 
Eevision.) 

Syn. Farapijgtis, Pomel, 1883. 

Test moderate and small, thin, ovoid and broadest posteriorly 
at the tumid undulating margin, low, convex above, concave 
actinally. 

Apical system with four perforated basal plates ; madreporite 
small, slightly excentric iu front, but separating the postero- 
lateral basals and also the radials. 

Ambulacra unequal, petaloid, varying in the aaioiint of closure, 
usually short, hut may he long, continued simply over the margin, 
and developing into phyllodes at the peristome ; the poriferous 
zones may be unequal. Interradia well developed. 

Peristome excentric in front, less so than the apical system ^ a 
pentagonal floseelle well developed, and the bourrelets especially. 
Periproet oval, marginal or supramarginal, placed at the top of a 
more or less developed groove. Ornamentation of very small 
tubercles and granules, close, largest actinally. 

FossiL Cretaceous : Europe. Eocene ; Europe, Asia, Africa 
(Egypt). 

Folimanthus Mortmis, Mich, sp., is the llardotimia Morioni 
of Haime ; I agree with Besor (Synopsis, p. 295) in not recog- 
nizing Haime’s genus ; but I consider it is a good subgeniis. 

Subgenus Haedouinia, J. Same, 1853, d^Archiac ^ Saime, 
Anim^foss. de Linde, p. 214. 

Test conical, as broad as long. Petals broad, pointed, reaching 
rather more than halfway to the margin. 

Peristome nearly central, with a very well-developed floseelle. 
Periproet large, midway between the margin and the summit, in 
a groove. 

FossiL Eocene : Europe. Tertiary : Mississippi, U.S. America. 
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Q-eniis E 1 JEHODIA 5 cVArchiac ^ Same, 1853, Anim. foss, de 
Vlnde, p. 214 ; Bmcan ^ Sladen, 1881, Bal. Incl ser, xiv., 
Mss. Bel. W. Sind, p. 69. 

The test is large, stout, elongate, oval, truncated posteriorly, 
broad in front, depressed, slightly rounded abactinally, slightly 
concave actinally, and tumid at the ambitus. 

Apical system small, excentric in front ; four perforated basal 
plates ; madreporite central 

Ambulacra forming a small abactinal rosette, they are small, 
nneqnal, the anterior not petaloid, and more open than the others ; 
pores of pairs unequal. 

Peristome large, excentric in front, elongate longitudinally, 
pentagonal ; flo>seelle highly developed, especially the bourrelets, 
a pitted median actinal surface. Periproct elongated trans- 
versely, supramarginal, in a shallorr basal groove, which becomes 
shallow posteriorly, and is surmounted by a rounded roof. 

Fossil Eocene : Asia (W. Sind), 


Genus Pasalampas, Duncan ^ Sladen, 1882, Pal Ind. ser. xiv., 
Foss. Fell. W. Bind, p. 72. 

Test small, high, even hemispherical, longer than broad, tumid 
above, especially posteriorly, the margin tumid, snboval, and 
may be overhung by the wider test above ; the posterior part of 
the test precipitous and with a rostrum high up and overhanging 
the periproct ; actinal surface concave. 

Apical system slightly excentric in front ; four perforated basal 
plates ; the madreporite in the right anterior and passing centrally, 
and separating the basals on either side. 

Ambulacra petaloid, short, sxibequal, or the anterior the larger 
and longest and well developed •, poriferous zones with oblique 
and circular pores. Interradia very narrow at the apical system. 

Peristome pentagonal, more or less excentric in front, slightly 
wider than long ; floscelle well developed, with wall-like bourrelets, 
Periproct snboval, elliptical, broad, placed high, supramarginal, 
with a defined groove below it. 

Tubercles small, uniform, crowded, equidistant, simkcn in 
serobicules, most widely spaced actinally. 

Fossil Eocene ; Asia (W. Sind). 
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Genus Catoptgus, Agassis^, 1836, Frodr, (l\me Monogr. cles 
Badiaires, p. 185 ; 1847, Gat. Bais., Ann. Sei. Wat. yoL vii. 
p, 157. Cotteau ^ Triger^ 1839, Ech. de la SartJie, p. 184. 
Besor, 1858, Egnog^sis.^ p. 282. Laide^ 1869, Sitmmgsh. 
AJcad. Wiss, Wien, voL lix. Ed. 1, p. 190. Skder, 1880, 
lionaUl. d. Ic. ggo'euss. Almd. z%i Berlin, p. 861. A. Agassiz, 
1881, Bliallenger ^ Beg)ort, p. 123. Bimcan, 1887, Quart. 
Joimi. Geol. Eoc. vol. xliii. p. 420. 

Syn. Oology gas, d’Ox’b. 

Small and moderate- sized Urcbins, often cylindroid, longer tlian 
broad, ratber low, tumid in front, ratber keeled on tbe binder 
part of tbe abactinal surface, truncated vertically posteriorly, 
where tbe periproct is bigb up, usually at tbe end of a groove and 
below tbe end of tbe keel, x^ctinally tbe test is ratber swollen. 
Peristome excentric in front, pentagonal, elongate longitudinally, 
with pbyllodes and bourrelets. 

Apical system excentric in front ; four perforated basal plates, 
tbe fifth absent ; madreporite large, separating the posterior 
basal plates j radial plates small. 

Ambulacra narrow, subpetaloid, nearly flush, continuous, with 
a pair of round pores in each plate as fiir as the peristome. 
Pores unequal ; tbe outer of a pair more or less elongate. 
Granulation very close. 

Fossil. Cretaceous : England, Europe, Asia. 

I consider that certain Tertiary forms as well as some recent 
species wbicli have been associated w’itb this well-marked genus 
should come within tbe subgenus Studeria. 

A. Agassiz described and figured Gaiogygus recem, which was 
dredged by the ‘ Challenger’ (Eeporton tbe ' Challenger’ Echini, 
1881, p. 123) ; and Studer described Q. Lomni from the seas to 
tbe south of the Cape of Good Hope, in the description of the 
‘ Gazelle ’ Echinoidea, 1880. Both depart from the Cretaceous 
type ; and A. Agassiz notices the uniporous condition of the 
ambulacra below the petaloid part, as well as the elongate nature 
of the outer pores of the pairs within it. 

Subgenus Studeeia. 

The test is the same as that of Gaiogygii^s in shape, peristome, 
and periproct ; but the ambulacra have only one pore in each 
plate in a poriferous zone below the subpetaloid portions. 
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FossiL Australian Tertiaries (Sttideria {Gatopygiis) ehgam^ 
Laube, sp.). 

Mecent. Australian seas, south of Cape of Good Hope, East 
Indian Areliip elago 

The Eocene representative of the Cretaceous Catopggi found 
in "W* Sind is a very striking form, leading from the Cretaceous 
type to the recent forms classified under Stnderia. The shape 
of the test, the small dorsal amhulacral rosette, the single series 
of extrapetaloiis pores, the character of the floseelle, and the 
low position of the periproct distinguish the species, and require 
the definition of a new and closely allied genus. 


Genus K'eocatopygijs, Duncan # SJaden , 1882, Fal hid. ser. xiv., 
Foss, Fell. W, Sind^ p. 76. 

Test of moderate size, tumid and high, subrotund marginally, 
greatest height exeentric posteriorly. Ahactinal area convex; 
sides tumid, high ; actinal surface convex, posterior extremity 
suhrosti’ate and prominent. 

Apical system exeentric slightly in front, small, compact; four 
basals, all perforated for the genital ducts ; madreporite large in 
the right anterior basal, and extending so as to separate the other 
basals. 

Ambulacra petaloid ; petals short and subequal, open at the 
extremity; pores unequal ; extrapetaloiis pores single. Hoscelle 
well developed ; phyllodes with an inner series of supplemental 
pores. 

Peristome small, pentagonal, exeentric in front, bourrelets 
forming an ornamented wall-like rim. Periproct small, subcir» 
cular or oval, low, supramarginal, placed at the extremity of tiie 
posterior rostratioii. Subanal area tumid and rostrated, faintly 
grooved. 

Tubercles small, perforate and crenulato, sunken in deep sero- 
bieiiles. Actinal ornamentation the coarsest. 

Fossil Eocene: Asia ("W. Sind). 

^ The genus Oolopygus^ cTOrbigny, 1856, only differs from Catopggus in the 
imimportaiit matter of the pores of the pairs not having a groove between ilioin, 
This defect has no pliysiologieal bearing ; and indeed it is doubtful wliother all 
tJie pairs of every specimen of a species of Catojjggm are united by a groove, 
OolopygtiS of the Upper Chalk is a synonym of Caiopygm, 
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G-eniis PHTLiiOBEissiJS, Ootteau, 1857-58, Echfoss, de VYonne^ 
voL ii. p. 81. JDe Loriol, 1861, Anim, invert. deMont SaUve^ 
p. 165; 1873, Eclu Melv., Terr. Cref, -^. 233, pis. xviii., xk. 
Coftecm^ Peron ^ Gauthier, 1879, Eeh. Foss, de VAlgerie, 
fasc. 5, p. 157. 

Syn. Anthohrissus, Pomel. 

Test of moderate size, oblong, subcircular and rounded ratter 
tigli in front, sub truncated posteriorly, swollen above, and 
almost fiat actinally. Summit subcentral. 

Apical system compact, with four perforated basal plates and 
five perforated radial plates. 

Ambulacra petaloid, with narrow poriferous zones; inner 
pores round ; outer pores elongate ; zones more or less open. 

Peristome slightly exeentric in front, flush, pentagonal or may 
be oblique, with phyllodes and bourrelets. Periproct on the 
posterior surface at the top of a groove, variable in height, with 
keeled edges; itheeonies narrower, and diminishes at the pos- 
terior edge. Tubercles small, scrobiculate, homogeneous, large 
around the peristome. 

Fossil. Lower Cretaceous : England, Europe, 'N, Africa* 
Jurassic: Europe. 

Greniis Cbtpeus, Klein, 1734, Fdf. JDisp. Fcliin. Agassiz Eesor^ 
1847, Gat. Eats., A^in. d. Bci. Mat. vol. vii. p. 156. Besor, 
1858, Synopsis, p. 275. Wright, 1859, Fah Soc. Monogr,, 
Brit. Foss. Fell, Ool. Form. p. 860. 

Test rather thick, large, circular or somewhat pentagonal in 
wavy marginal contour, more or less truncated bebincl, low, dis- 
coidal, or slightly tumid dorsally, nearly flat actinally. 

Apical system small, exeentric posteriorly, or rarely central, 
with four triangular perforated basal plates, and a large madre- 
porite which occupies the centre of the system, separating the 
postero-lateral basals and touching the posterior pair of radial 
plates, which are separated by long, naiTOw, interradial plates. 

Ambulacra wide, petaloid, not closing abactinally, narrow at the 
ambitus and actinally. Poriferous zones widening rapidly dor- 
sally, and becoming eq\iai in width (or more) to the very equally 
wide interporiferous areas, then diminishing in width and becoming 
very narrow, until midway between tbe ambitus and the peristome, 
where the pairs are aiTanged in very oblique triplets forming a 
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rudimentary pliyllocle. Pairs of pores in tlie petaloicl parts^ witli 
the inner pore small and circular, the outer elongate transversely 
and in a decided long groove; pairs close, in simple low broad 
plates, and the costae granular. 

Iiiterradia with broad, bent, low plates, much higher than 
any of the ainbiilacral plates, with a Tery delicate small tuber- 
culation, largest actinally ; tubercles scrobiciilate, with a low 
broad boss and small simple mamelon ; intermediate granulation 
rough. 

Peristome subcentral or exeentrie in front, pentagonal, with 
narrow tumid granular or minutely tuberculated bourrelefcs and 
narrow^ phyllodes in grooves. Periproct in a groove along the 
median line of the posterior interradium, supramarginal, high up ; 
the length of the groove variable, or the opening may be almost 
flush with the rest of the test. 

Fossil Oolite : England, Europe. 

Siibgenus CnTPPOPTCius, d'Orligmj (genus), 1856, Pd. Fmnf., 
Ecliin. Terr. Cret. vol. vi. p. 418. Besor, 1858, S^nopsis^ 
p. 273 (genus), 

Ciypei with the apical system exeentrie in fronfc, and narrow 
poriferous zones. 

Fossil. Oolite ; England, Eimope. Cretaceous : Europe. 

G-eniis PxuTOTJB, Jpassi^, 1839, IJck Foss, ch h Suisse^ p. 68; 
1847, Gat. Eads, des Ech.., Amu d. Sci. Wat. voL vii. p. 161. 
Cotteau ^ Trig€i\ 1859, Edi. de la Sartlie^ p. 65, pi. xiil. 
Besor, 1858, Synopsis^ p. 309. Be Loriol 18SS, Mem. Soc. 
d. Pliys. et Ilkf. Wat. Geneve, vol. xxx. no. 2, p. 102. 

Test large, discoid, angular or uiululatiiig in marginal contour 
or not, and may be emarginate ; depressed, subconical, or rather 
tali and conical dorsally, enlarged and rostrated belund; ainkdaera 
grooved actinally, and the surface othor^?ise flat or tumid there. 

Apical system central or exeentrie in front, small, with four or 
five basal plates, disunited, four with ducts ; madreporite extending 
from the right anterior to the centre of the system ; radial plates 
five, small, between the basals, and reaching the madreporite. 

Ambulacra flush dorsally, unequal, long, the lanceolate, open 
petaloid parts reaching far to the ambitus, and tend to, but do 
not close, continued as narrow lines of pairs of small pores over 
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the margin and then placed in tlie deep smooth, grooves, ex- 
paiiding and doubling into large and liiglily-ornamented phyllodes 
at the peristome. 

Peristome excentric in front, pentagonal, with a highly-deve- 
loped floscelle. Periproct inframarginal, in a special area, close 
to the posterior edge of the test, pyriform or ovoid and longitu- 
dinal, transverse rarely. Ornamentation small, largest actinally, 
except in the grooves. 

Interradia greatly reduced near the apical system, usually with 
an undulating surface. 

Fossil. Oolite : England, Europe. Cretaceous : Europe, N. 
Africa, W. Africa, IN’. America ? 


Genus Eaujasia, cVOrbiffn^, 1855, Pal, Fraiig.^ Ecliin. Terr. Cret. 
vol. vi. p. 314. Besor, 1858, ^ijmjpsis^ p. 316. 

Test of moderate size, circular or oval in marginal outline, 
very convex or conical abactinally ; summit slightly excentric in 
front, rounded or acuminate ; subrostrated posteriorly. 

Apical system upon the summit, mth four perforated basals. 

Ambulacra equal, similar, flush, j^etaloid, hut open clistally, very 
short ; petals barely reaching halfway to the margin ; inner pores 
circular, outer elongate. Aetinal surface flat. 

Peristome flush, subcentral, pentagonal, with a distinct 
floscelle. Periproct small, transverse, inframarginal Ornamen- 
tation very small, largest actinally. 

Fossil. Cretaceous : Europe and IST. America. 

Genus Galeeoclyueus, Gotteau^ 1873, Pal. Fra^ig., Terr. Jura^ 
vol. ix. p. 360. 

Test variable in size, subcircular in marginal outline, tumid 
and subconieal dorsally, subrostated posteriorly, and strongly pul- 
vinate actinally. 

Apical system at the summit, sub central or slightly posterior, 
compact, the large maclreporite irregularly produced centrally. 

Ambulacra similar, narrow, widest at the ambitus, inner pores 
round, the outer slightly elongate as far as the ambitus, and then 
equal, round, oblique, and separated by a nodule. Tubercles 
small, wide apart, perforate, crenulate, and scrobiciilate. 

Peristome subpentagonai, sometimes oblique, slightly excentric 
in front? in a deep depression ; interradial margins produced and 
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the anil)iilacral edges simkeB, with a rudimentary floscelle. Peri- 
proct on the upper surface, in a grooye commencing far from the 
apical system, 

Fossil, Oolite: Europe. 

Genus Pseudodesoeella, Mallon^ 1858-9, Etud. Pal Scmt. 
Jura, pt, 2, p. 15. Fesor Fe Loriol, 1868-72, Ech, Ilehel 
p. 303. 

Test moderate, oTal, broader than long, depressed. 

Apical system small, subceutral, slightly posterior, compact, 
with four perforated basal plates and five perforated radial plates ; 
the madreporite extending backwards and touching the united 
posterior radial plates. 

Ambulacra slightly petaloid, open, the poriferous zone narrow, 
with the pairs above the tumid ambitus having an inner round 
and aii outer and somewhat elongate series, flush, continued as 
round pores in pairs to the peristome. Tubercles numerous, 
distant, perforated and with scrohicules. 

Peristome nearly central, pentagonal, rather elongate, with a 
moderate or absent floscelle. Periproct high up in a small short 
groove, which touches the posterior radial plates, and enlarges 
posteriorly. 

Fossil Oolite; England, Europe. 

In the species of the genus FcJiinolam^as, Gray, 1825, there is 
great variability of shape, size, and arrangement of the unequal 
poriferous zones; but I cannot see the propriety of receiving 
>species into the genus which have equal poriferous zones. The 
genus is a very large and natural one if it is properly restricted. 


Genus EenmoLAMPAS, Graj/, 1825, Ami, Phil p. 7 ; 1855, OaL 
Fch Frit. Mas. pt. i. p. 34. Fesor, 1858, Spiopsis, p. 300. 
xL A^assk, 1872-4, Bevkion, pp, 335, 551. 

Test variable in size, more or less ovoid or circular at the tiuiiid 
marginal outline ; very variable in shape ; moderate in. height, 
tumid and vaulted above, very tall and conical or hemispherical, 
depressed and more or less discoid. 

Apical system excentric in front, rarely subeentral, small, with 
four perforated basal plates ; the madreporite large, in the right 
anterior basal, and extending into the centre of the system, and 
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separating tlie postero-lateral basal plates ; tlie radial plates small, 
the posterior pair separated hj the madreporite. 

Ambulacra narrow or broad, petaloid to varying distances 
from the margin ; the pores of a pair differing in shape, conju- 
gate, the pairs separated by ornamented costse ; some poriferous 
zones unequal in length to their fellows, tending more or less to 
close or not. Beyond the petaloid parts the pores are in single 
series and small, until the peristome is reached, where they 
develop a feeble phyllode. Interambulacra large, with higher 
and fewer plates than the ambulacra. 

Peristome slightly excentric in front, or subcentral, or central, 
pentagonal, with feeble bourrelets and pbyllodes. Periproct 
elliptical, transverse, inframarginal, close to the posterior edge of 
the test. Tubercles of both areas very equal, small, very uniform, 
in sunken scrobicules, vrith miliaries. Spines small, short, forming 
tufts near the peristome. 

Fossil. Eocene : Europe, Asia, Africa, W. Indies. Oligocene ; 
Asia. Miocene : Asia, Australia, Europe, "W. Indies. 

Beee7'it. Eed Sea, Moluccas, East-Indian Islands, Australia, 
Cape of Good Hope, Senegal, Caribbean Sea. 

Subgenus Milletia. 

Peristome pentagonal, elongate longitudinally, barely sunken. 
Periproct irregularly circular in outline, close to the posterior 
edge, and somewhat oblique yet inframarginal. 

Ambulacra broad, unequal, very open j poriferous zones nearly 
equal. 

The type is Eeliimlmnpm {Milletia) elegantuhm^ Millet, 1851, 
Pal. de Maine-et-Loire, p. 178, redeseribed by Cottean, 1S8B, 
Bull. Soc. ZooL de Prance, vol. viii. p. 458, pi. xv. figs. 6-8. 

Fossil. Europe ? 

In consequence of Zittel’s discovery of the jaws of Gofioclgpeus^ 
it became necessary for A. Agassiz to take his species O. Sigslei 
out of that genus and to establish one which would include 
it. This led to the descxdption of the genus Coiiolampas.^ A. 
Agass., 1883. De Loriol found that some forms which had been 
considered to belong to Conoclyiyeus, but which he showed had 
neither perignathic girdle nor jaws, had , a decided phyllode at 
the peristomial margin of each ambulacrum. For these forms 
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De Loriol estaLlistecl the genus JPhylloclypeus in Mem. Soc. cle 
Phys. et d’Hist. Nat. de Geneve, 1880, voL xxvii. p. 79. 

The question arises, What is the dilFerence hetweeii Oono” 
lcm])as^ Agass., and Phyllocly^eiis^ De Loriol? 1 cannot see 
that there is much structural difference of physiological import- 
ance between them. The question is complicated by Be Loriol’s 
decision that Q. Siysbei^A, Agass., “ est certaineinent un UeJmio- 
hmjKis'' Cat.Eais. des Ech. rec. alTle Maurice, Mem. Soc. Phys. 
et Hist, Nat. de Geneve, vol. xxviii. p. 44 (1883). My study of 
the great series of EcUmlam^as in the Tertiaries of W. Sind 
clearly decides in my mind the classificatory importance of the 
unequal poriferous zones in the same ambulacrum ; and I cannot 
admit in the typical genns JEcliimlaynpas forms with equal, long 
or short ambulacral zones. I demur, therefore, to the opinion 
of my friend, that ConoUmpas is an Echinolampad. I am 
content to believe that the two genera will come within the same 
alliance as Feilcdolampas, Bell, and Microlampas^ Cotteau. 

Genus Phxlxooltpeus, De Loriol^ 1880, op. eit. p. 79. 

Syn, ? Ghjpeolmnpas^ Pomel, 186S,j^ia Pomel. 

Test large, Conoclypeoid in shape and structure, except that 
there is neither a perignathic girdle nor jaws present. On the 
other hand, tlie fioscelle is well developed and there are accessory 
plates in the pliyllodes. Periproct oval, longitudinal, sub- 
marginah 

Dossil. Upper Cretaceous, fide Cotteau : Europe. Eocene : 
Europe, Africa, Asia. 

Genus Cois-olampas, A. Agassiz^ 18S3, Blake' Bek, Mem. 3£m. 
Comp. Zodl. Haro, vol x. no. 1, p. 48, and 1888, vol. xv. p. 99 
(^non Conolampas, Fomel, 1888). 

Sjin Gonoelypeics, A. Ag. (non auct.), 1878, Bull Miis. Comp. 
Zobl no. 9, p. 190, pis. 1, 2. 

Test large, taller than broad, hemispherical above the almost 
circular margin ; flat aetinally. 

Apical system small, projecting at the centrally placed apex ; 
button-shaped; four basal plates perforated ; the madreporite in 
the right anterior basal, and extending into the centre of the 
system, and separating the basals; five radial plates, small, 
and the postero-lateral in contact with the madreporite and 
separated by it. ■ 
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Ambulacra narrow, similar, equal, straight, flush, widely open 
to the ambitus, the parts of the poriferous zones with paired pores 
widening and then diminishing to a point ; pores beyond terinh 
Bating much before the margin of the test is reached, in single 
series ; close to the peristome there is some doubling of pores 
and a small phyilode. Ambulacral plates numerous, low, broad 
primaries. 

Interradia large, with much few^er aud taller plates than the 
ambulacra. Tubercles of both areas similar, very small, per- 
forate, crenulate, sunken in scrobicules, a miliary structure 
betw^een the scrobicules. 

Peristome small, central, pentagonal, wider than long ; phyl- 
lodes nearly crowded out by bourrelets. Perignathie girdle re- 
duced to small knobs upon the interradia ; jaws absent, Peri- 
proct iiiframarginal, small, elliptical, transverse, close to the 
posterior edge; with three large plates and some small ones. 
Spines short, slender, cylindrical, tapering. 

Mecent, Caribbean Sea, 76-400 fathoms. 

The resemblance of the degraded perignathie girdle to that of 
JEcliinocomis is very suggestive. 

Grenus Plesiolampas, JDmican ^ Sladen, 1882, Ind. ser. siv., 
Foss. Fell, TF". Sind, pp, 9, 54, pis. i., s!ii.-xv. (non Plesio- 
1am pas, Fomel, 1883, Thhes, p. 62). 

The test is moderate in size, variable in shape, ovoid, elongate, 
or polygonal, depressed, tumid at the margins and dorsum, con- 
cave around the actinally placed peristome. 

Apical system escentrie in front, with four basal plates, per- 
forated and united ; madreporite in the right anterior, and ex- 
tending into the others centrally, large and separating the 
posterior lateral radial plates slightly. 

Ambulacra subpetaloid, widely open at the distal extremity ; 
poriferous zones subequai, almost straight; pores round, the 
outer sometimes elongate. Poriferous zones continued on the 
actinal surface as single pores ; a rudimentary phyilode. 

Interradia large and broad in comparison with the ambulacra ; 
tubercles numerous, small, mamillated, imperforate, and non- 
crenulated, in deep scrobicules ; miliaries numerous. 

Peristome central, subcentral, or excentric in front, sub- 
pentagonal or oval-elliptical, transversely elongate, with a very 
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rudimentary floscelle. Periproct moderately large, infrainargiiial, 
elongate oral, placed longitudinally* 

Fossil Eocene : Asia (Sind). Probably Falmopnetisies conicm^ 
Dames, 1877, of the Vicentin Eocene, belongs bere* 

Subgenus Oeiolampas, Munier-Cbalmas, 1882 (genus), Bidl 
Boe. Qeol de France^ ser. 8, vol. x. p. 386. Cotieati (genus), 
1887, Pal Frang,^ FcF irreg. Terr. Focene^ p. 499, 
Plesiolampas witli crenulate and perforate tubercles. 

Fossil Eocene: Europe. 

Genus PAUiEOLAMPis, J. Bell^ 1880, Proe. Zool Soc. p. 43. 

Syn. Glgpeolmnpas^ Pomel 

Test moderate, thick, irregularly ovoid in tumid marginal out- 
line, subconical and depressed dorsally, rather flat at the slightly 
precentral apex, slightly tumid actinaUy, 

Apical system with four basal plates fused and the large 
madreporite central, four pores; radial plates small, and the 
pores variable in size. 

Ambulacra ratber broad, open, the pores remaining paired as 
far as the ambitus, the outer row of pores of each series of pairs 
continued over the ambitus to the peristome; a tendency to 
shortening of one of the paired poriferous zones only slightly 
indicated in the antero-lateral ambulacra. Ambulacra widest at 
the end of the double series of pores. 

. Interradia large, closely ornamented, and the interporiferous 
areas also with similar small primary tubercles. 

^ M. Pomel does not give any references in his work, Theses, 1888, p. 05, 
and in the instance of his germs Clypcolmnpas merely states;— Clypeolampas^ 
Pomel, 1868 {PhyllodgpeuSi Bo Loriol, 1880).” Search lias been made in vain 
for any such genus published in 1808 by M. Pomol, and it is necessary iliortv 
fore to take the diagnosis given in the page just mentioned. Oarcful study of 
this diagnosis proves that it will include many BcHiiolampada, Oonohmpas 
(Pomel, as well as the different genus of A. Agassiz), JBgpsoch/pem^ Pomel, 
Mesiolmnpas, Pomel (non Duncan and Sladen), and Paim!a7npas^ Boll, Its 
author was not aware of its being an edentate genus, because that was made out 
for ah forms with phyliodes by Be Loriol, and therefore this insufficiently- 
defined genus does not include PhpUoclgpenSj Be Loriol 
M. Cotteau has lately published Clppeolampas Lesteli, Oott. 1887, Bull. Soc. 
04ol. de Prance, s^r. 3, voL xr. p. 662. Humbert’s drawings of it show that it 
is a Pdmhmpas^ Beil, with larger primary tubercles in the abaotinal plates, 
fflie genus cannot stand. 
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Peristome slightly escentric in front, small, pentagonal, broader 
tlian long, with bourrelets and phyllodea feebly but definitely 
developed. Periproct elongated transversely, subniargiiiaL 

FossiL Upper Cretaceous : Prance. Tertiary : Europe 

Genus Micbolampas, GoUeaw, 1887, Bdh S0O. Zool de France, 
p. 637, pi, X. figs. 10-13. 

Test small, circular, tumid, subconieal dorsally, flat, subpuivi^ 
iiate actinally. 

Apical system central, tbe madreporite projecting centrally, 
with small radial plates. 

Ambulacra becoming wider towards the ambitus, subpetaloid, 
open at their ambital extx*emity ; poriferous zones composed of 
small unequal pores, appearing to be united by a groove, the 
outer pairs more elongate than the inner. At a considerable 
distance from the margin of the test the pairs cease, and a single 
row of pores is continued to the peristome. 

laterradia more or less keeled close to the apex, the orna- 
mentation similar to that of the ambulacra, not abundant, of 
small crenulate and perforate primary tubercles, largest at the 
ambitus and actinally. 

Peristome deeply seated, pentagonal, with a slight floscelle. 
Periproct rounded in outline, flush, inframarginaL 

FossiL Eocene; Europe. 

There is but one species, and it is small, but the affinities with 
Palmlampas and Gonolampas are interesting. 

Genus Heolampas, A, Agassiz, 1869, Bulk Mm, Comp, ZooL i. 
p. 271 ,* 1872-4, Bevision of FcMni, p. 340. Wpdlh 
Thomson, 1874, PliiL Tram, voL clxiv. p. 745, 

Test small, thin, depressed, pyriform, arched above, truncated 
obliquely behind and rostrated, concave actinally. 

Apical system in front of the highest point of the test, with 
four basal plates, three of which are perforated, and the madre- 
porite is in the right anterior, and separating the hasals 1 and 4 
more 'or less, 

* M. Pomel, 1883, Theses, p. 62, has mistaken the meaning of Palcsolmipas^ 
which he considers to be a siibgenus of Echinol-mnpas, He places in it Ecliino- 
iam^as Hellei, VaL ; but this recent form has ambulacra differing from those 0 ! 
and it is a true Echimhfmas, 

13=^ 
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Ambulacra fliisb, apetaloiis ; poriferous zones nniporous ; pores 
ill small plates near the peristome and crowded therej producing 
rudimentary phyllodes between slight bourrelots. 

Peristome beneath the apical system, and slightly in front of 
the centre, depressed, indistinctly pentagonal Posterior iiitor- 
radinm slightly ridged and sinking gradually to the depressed 
truncation, which is occupied by the large marginal periproct, 
which is oval and plated with scales ; an anal tube may exist. 

Interradial plates large. Tubercles small and numerous, 
largest actinally, many on the bourrelets. Spines straight, not 
long, slender, smallest with a tip of pointed txihereles. Pedicel- 
lari® long and short, tridactyle, mostly blunt. Splieridia largo, 
numerous, naked. 

Mecent, Mouth of English Channel, and Caribbean Sea, 230- 
600 fathoms. 


III. Family ConuTEiTiDiB. 

Bxocyclic nodostomes with apical systems disconnected and 
either elongate or suhcompact. Ambulacra similar j biviiim 
widely separated from the trivium ; floscelle absent. 

Genus Collyrites* 

Dysaster, 

Eyhoclypeus. 

Infraclypeus, 

Grasia, 

Genus Colltrttes, Des Moidins, 1835, Etudes s. les Eclun, 
p. 46. ZoveUf 1874, Etudes, figs. 55-60, 98, 180, 

Syn, Eysaster, Agass. (pars). 

Test moderate and rather large, ovoid, oblong or cordiforni in 
marginal outline, tumid, moderately high abactinally, doprcssod 
there or raised anteriorly, more or less narrowly truncated pos- 
teriorly, actinally flat, or irregularly swollen or concave. 

Apical system elongate and dislocated ; an anterior portion 
consisting of a small anterior radial plate and of the anterodateral 
basal plates, separated from the posterior basal plates by the 
united antero-lateral radial plates ; the posterior portion consisting 
only of the united postero-lateral radial plates. The portions 
are widely separated by numerous small plates belonging to the 
posterodateral interradia ; the madreporite in the right anterior 
basal plate. 
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Ambulacra, disjunct and similar, the anterior in a slight groove 
or flush, the others flush, increasing in width to the ambitus, th© 
pairs of pores in low primary plates; posterior ambulacra at 
varjing distances from the anal groove. Interporiferous areas 
with small perforate and crenulate tubercles. 

Interradia very unequal, broad ; the postero-lateral areas 
uniting at the dorsum behind the postero-lateral basal plates. 

Actinally the postero-lateral interradia are symmetrical, there 
being no fusion of plates. The interradial ornamentation is of 
the same kind as that of the ambulacra, but closer. Peristome 
pentagonal or subcircular, its margins formed by two unequal 
plates to each ambulacrum, and a single interradial plate to each 
area. Neither phyllodes nor hourrelets. Periproct posterior, 
in a groove at varying heights above the margin. 

Fossil, Oolite : England and Europe, N. Africa. Cretaceous : 
Europe, 

Genus DxsASTER,A^«sseX 1889, Ac/i./bss. d, i, Suisse^Yol, i. p. 1 ; 
18417, Ann. d. Sci, Nat, vol. vii. p. 275 (Disaster), Desor^ 
1842, Monogr, d'Ech. viv. etfoss, livr. 3, p. 7. Oottemi^^ 1885, 
EcF foss. de V Tonne, vol. i. p. 385 ; 1867-74, FaL Frang,, 
Terr. Cret, vol. ix. p. 106. 

Test moderate, subcylindrical, long, low, rounded in front, 
truncated squarely posteriorly. 

Apical system dislocated ; the anterior part excentric in front, 
with the twm pairs of basal plates in contact, the anterior and 
antero-lateral radial plates being external; the posterior part 
consisting of the postero-lateral radials united along the median 
line and separated from the anterior part by numerous small 
plates of the postero-lateral interradia ; the inadreporite in the 
right anterior basal plate, or extending between the postero- 
lateral basal plates. 

Ambulacra disjunct, flush, increasing in width to the ambitus, 
the posterior may be flexiious ; bivium and triviiim w'idely sepa- 
rated ; pairs in simple series. Postero-lateral interradia large, 
may have additional plates at the dorsum. 

Peristome excentric in front, subpenfcagonal, plain; a single 
peristomial plate in each iuterradium. Periproct pyriform, in the 
posterior truncation, supramarginal. 

Fossil. Europe, N. Africa. 

This genus is distinguished from Colly rites by having th© basal 
plates not separated by antero-lateral radial piatt%. 
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Gceus Hybocltpetts, Agassi^^ 1839, Ech pt. i p« 74 

Wright, lS5B,Fal Soc.,EckOol Form, p.291, plSoXxi.& xxii. 

Test moderate in size, ovoid;^ usualiy higliest in front, gibbous, 
tumid, depressed, truncated and grooved posteriorly, swollen 
actinally. 

Apical system sizbcentral, elongate ; tlie autero-lateral radial 
plates uniting along the median line and separating tlie pairs of 
basal plates ^ a complementary plate or tlie fifth basal plate may 
separate the posterior basal plates j the anal groove separates the 
posterior radial plates. 

Ambulacra disjunct, similai% flush, apetalous, the anterior 
sometimes in a groove and all more or less wavy. Poriferous 
zones narrow, and the pairs are in simple series, and close abac-- 
finally and at tbe margin, and wider apart and triserial at the 
peristome ; plates low primaries abactinaliy, compound actinaliy. 

Interradia wide, tumid, and the posterior with a long deep 
groove becoroing wide and shallow at the truncated edge ; peri- 
proct in the upper part. 

Peristome excentric in front, deep, pentagonal, and longer 
than broad ; no fioscelie. 

Tubercles dose, uniform, small, perforate and crenulate j scro-- 
biciiles sunten. 

Fossil England and Europe. 

It is said that a compact apical system may occur, a comple- 
mentary plate being between tbe pair of basal plates, and -a 
similar plate is said to occur between tbe posterior pair of basal 
plates. It may be a matter of doubt wbetlicr tbe generic clia- 
racters can vary so much. 

Genus lOTiiACiiYPEiis, Gauthier, 1875, GolL, Fer&n ^ GaniUer, 
Bell, Foss, ie VAlgerie, 1876, lasc. ii. p. 23, pis. It, 15. 

Test large, more or less hemispherical, somowbafc depressed, 
subcircular at tbe basal outline, slightly narrowest posteriorly, 
flat actinally. 

Apical system subeentral, and at the highest point elongate ; 
the autero-lateral radial plates uniting at tbe median line and 
separating the pairs of basals ; posterior radials large, no fifth 
basal; tbe madreporite in the right anterior basal plate. 

Ambulacra sub equal, flush, apetaloid, similar, increasing in 
width to the margin, and thence diminishing towards the peri^ 
stome. Pairs of pores in single series ; pores small, oblique. 
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Anterior ambulacra straiglit, the antero-lateral wide apart and 
slightly curved. Actinalij the ambulacra are in slight hollows 
of the test. 

Interradia large, plates numerous, bent, low and broad. 

Peristome iu a slight concavity, oval, oblique, from right to left ; 
without a floscelle or branchial incisions. Periproct inframar- 
ginal, elongate antero-posteriorly, ovoid or elliptical, in a groove, 
which is more or less continued abactinally. This groove seems 
occupied by small, elongate, distinct plates ? 

MssiL Tithonian; Africa (Algiers). 

The author considers that the genus is near Pachyclypeus^ 
from which it differs in the position of the periproct and in the 
remarkable construction of the posterior groove. The obliquity 
of the peristome is in the opposite direction to that of Amllypygm. 

(xenus Geasia, Mklielm, 1854, Sev* et Mag. ZooL ser. 2, p. 439« 
Cotteau, 1867-74, FaL JFrang., Terr. Jura, Ech. vol. ix, 
p. 34. 

Test large, twice as long as broad, oval, depressed, tumid 
dorsally and actinally, truncated posteriorly. 

Apical system very dislocated and elongate, the basal plates 
separated by the union of the antero-lateral radial plates, the 
postero-lateral radial plates placed far back. 

Antero-lateral ambulacra far to the front, and the postero- 
lateral far behind, placed above the periproct ; apetaloid, flush, 
the anterior straight and the others fiexuous. 

Peristome central, circular, plain, Periproct in a deep poste- 
rior groove which reaches the dorsum. 

Fossil Oolite : Europe. 

There are some genera which link the Oassiduloidea and the 
Spatangoidea in a very interesting manner, and the character of 
the dissimilarity of the eonsfruetion of the anterior and the paired 
amlulaera is always evident^ but not so much as in the true 
Spatangoida. 


IV. Pamiiy PnisiosFATAHGin^. 

Tests variable in shape and in the presence of small floscelies ; 
ambulacra short or long in the subpetaloid parts ^ apical system 
compact or elongate and disjunct. Odd ambulacrum with pores 
differing in shape from those of the lateral ambulacra, or they 
may abort. 
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Genus Eolampas* 

Archiacia. 

ClaviasUr. 

Asierosioma* 

Fsendasterostoma. 

Metaporkinus, 

Genua Eoiampas, Duncan ^ Sladen^ 1882 , Doss. DcJiin. W, Sind 
{Fah Ind. ser. ziv.), pt- ii- P- ^>2, pi. xvii., and p. 150, 
pi. xxxi. I ISSS, Ann. ^ Mapf. Hat. Wst. ser. 6, voL ii. p. 329. 

Syn. Feialaster, Gotteau, 1884 ; FseicdopygauluSy Coquand, 
1862, genus undes., only figured. 

Test small, tumid, oYoid, subdepressed ; tlio greatest height 
eorresponding with the apical disk, and very excentric in front ; 
the anterior slope rapid and precipitous, the posterior region sub- 
rostrate near the extremity. 

Apical disk excentric in front, small ; basals four, penetrated 
by genital ducts; madreporite central. 

Ambulacra flush, small, short, petaloid, subequal ; the odd an- 
terior aborted. Poriferous zones of the other ambulacra subequal. 

Peristome transrersely oval, subcentral or very slightly 
excentric in front, with a perpendicular wall reaching upwards 
into the body-cavity. Ho bourrelets. Phyllodes very slightly 
developed. Buccal pores opening into the peristomial margin, 
with a small granule-like prominence over eacli, standing at the 
extreme edge of the peristomial ring. Pe-riproct marginal, 
transversely oval. Tuberculutioii small, homogeneous, in sunken 
scrobicules; intermediate space sub granular and coniiiient. 

The ambiilacrai rosette is small in relation to the size of the 
test, and the ambulacral petaloid ends terminate remotely from 
the margin of the test. The anterior ambulacrum has no double 
pores, and the grooves which are in their place do not present a 
single pore. 

The iuterradial areas are largely developed abactinally. There 
is a faint groove in front of tlio sunken peristome. The periproct 
varies in its size asul height in the posterior surface. 

Dossil. Eocene of Asia (Sind); N. Africa (Algiers); Europe? 

Genus Aechiacia, Agassk, 1847 , Ann. d. Soi. Waf. voL vii. 
p. lOi, HOrhig. 1855 , FaJ. Dran^^.^ Terr. Crit. voL vi. p. 283, 
pis. 909, 910. Desor, 1858 , Sgnopsisj p. 324. Ootteau^ 
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I^eron^ ^GautMer^ 1879, Ech. Foss, de V Alger, fasc. 5, p. 154, 
pis. X., si. Be Loriol^ 1888, Fame Cret. du Fortug,^ Ech. 
vol. ii. fasc. 2, p. 83, pL xv. 

Test moderate or large, tliin, ovoid in marginal contour, 
broadest posteriorly, high, subconical at the anteriorly placed 
and overbaoging apes, sloping gradually elsewhere, more or less 
grooved anteriorly. Actinally plane or convex. 

Apical system at the highest point, with four perforated basal 
plates. 

Ambulacra diverse, flush ; the odd one noii-petaloid, and with 
a biserial arrangement of small oblique pairs of pores in each 
poriferous zone ; other ambulacra short, subpetaloid, tending to 
close, with diverse pores, the outer elongate ; pores single (?) 
beyond the subpetaloid parts and in high plates, the others in 
low and broad primaries. 

Interradia broad, and the plates broad, rather low, and nume- 
rous. Ornamentation of small tubercles and granules. 

Peristome large and widely open, excentric in front, more or 
less pentagonal, and with a rudimentary flosceile. Periproct 
large, ovoid, elongate longitudinally, submarginal. 

Fossil. Cretaceous : Europe, N. Africa, 

G-enus Claviaster, d'Orbigng, 1855, Fa!. Fra?if.^ EeJi. Terr. 
Cret. vol. vi. p. 281, pi. 909. 

Syn. AreJmcia, pars. 

Test of moderate size, inordinately tall, finger-shaped. Apical 
system at the apex with four basal plates perforated. 

Ambulacra very long, dissimilar, flush ; the anterior with single 
pores in each zone, the other and paired ambulacra with slightly 
sunken pairs. 

Fossil. Cretaceous : Asia. 

The genus Asterostoma has given mnch trouble to MM. Ootteau 
and A. Agassiz. This may be seen by reading M. Cotteau’s title 
of the genus in his Memoir in the Mem. Soc. Geol. de Prance, 
1871-73, vol. ix. p. 177, and a passage in the Eeport on the 
‘ Challenger ^ Echini, 1881, p. 167. 

It must he admitted that A. Agassiz is quite justified in Ms 
remarks about the existence of more than one type in the genus 
Asterostoma as determined by M. Cotteau. 

It is necessary to differ from M. Cotteau regarding the name 
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whicli sBouH be placed after the genus, for there is no evidence 
that Lamarck wrote upon it. The genus first appeared in the 
Catal rais., Ann. des Sci. Nat. voh vii. p. 168 (1817). Agassiz 
there wrote : — “ The genus links the Cassidulidse and the 8pa- 
tangoids ; it has the shape of AnancJdtes, but differs from it in tlie 
mouth, which is median and pentagonal. The ambulacra are 
united together at the summit, and the odd one has the pairs of 
pores smaller and more distant than in the paired petals, almost 
like the Spatangoids. At the aetinal surface the ambulacra 
correspond to broad and deej) grooves. Anns posterior.’^ The 
apex is evidently excentric in front. Agassiz defined the genus 
to include Clypeaster esccentricus, Lam. 

The next notice of the genus is in d’Orbigny’s description of 
the Echinodermata, Pal. Eran^., Terr. Cret. voi. vi. 1853'-55, 
p. 279, pis. 906, 907, 908. 

G-enus Asteeostoma, Agassiz, 1847, Ann, A Sci, Nat, vol. vii. 
p. 168. GoUeat^i 1871-73, Mem. Soc, Geol, de France^ sdr. 2, 
vol. ix. ii. p. 178. 

The peristome is subpentagonal, not labiate, central or. slightly 
in front. There are five aetinal grooves from the poristoiuo 
reaching the margin of the test, corresponding with the ambu- 
lacra. Anus posterior, marginal. 

Ambulacra broad, subpetaloid, unequal; odd ambulacrum 
flush, with very small pores, circular and in simple series in 
regular pairs. Paired ambulacra flush, long, not contract iug 
near the ambitus ; pores simple, large, equal. Tubercles distant, 
scarce. 

Misil, Cretaceous ? ; Cuba. 

The species is Asterosto^na ewcenfrienm, Lam. sp., a very largo 
form, 103 millim. long. It will be observed tliattlie test is oval, 
longer than broad, broadest in front and slightly narrows be- 
hind ; convex above, rounded in front, less so beliiiid, tumid at 
the ambitus, fiat actinally, with five grooves ; ambulacra above 
the ambitus subpetaloid. In the plate 906. fig, 1 there is no 
anterior groove above the margin, and certainly the radial ends 
of the ambulacra are not sufficiently distant to enable any one to 
infer that the apical system was elongate. The species was 
probably FeMnolanpas Kleinii. There is no doubling of the 
pairs of pores at the peristome, and there is no sternum to the 
posterior interradium. On plate 908 the anterodatoral ainbu- 
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lacra are seen to contract above the ambitus so as to present 
curved poriferous zones, and the small pairs commence close to 
the margin. The postero-lateral ambulacra do not contract, and 
are widest at the ambitus. All pores are circular. 

These are perfectly recognizable definitions, and were repro- 
duced to a certain extent by Desor, 1858, Synopsis, p. 196, 
pL 37. The peristome is oval elliptical, and the small pairs of 
pores’ come regularly to its margins ; but Desor makes the radial 
ends of the ambulacra so distant that there is room for a suspicion 
that the basal plates were separated by the antero -lateral radial 
places. This is because of incorrect drawing. 

M. Cotteau noticed the genus anew in Bull. Soc. G-eol. de 
France, ser. 2, voL xxiv. p. 826 j but the diagnosis relates to a 
distinct type, which is now named JBseiidasterostoma* The diag- 
nosis is therefore accepted for the new genus as follows: — 

Genus Psetjdasteeostoma, gen. nov. 

Syn. Asterosto7na (pars), Cotteau. 

Test large, more or less elongate, sometimes subcircular, 
swollen above, almost flat below. 

Apical system moderately developed, subcircular ; four 
basal and five radial plates; the antero-lateral basal plates 
touch within; the postero-lateral and the posterior pair of radial 
plates are separated by a complementary imperforate plate (this 
is the small imperforate fifth basal plate). 

Ambulacra subpetaloid, unequal ; the anterior different from 
the others in the structure of its pores. Poriferous zones of the 
paired ambulacra of different shaped pores, largely open abacti- 
nally, reduced in size suddenly near the ambitus, the pairs there 
being microscopical and very distant; near the peristome the 
pairs become larger, closer, and more or less pronounced, 
and converge to the mouth. Tubercles scarce, small, crenulate, 
perforate, and scrobiculate ; granules in circles around the 
serobicules. Peristome suhlabiate, transverse, either central or 
very exeentric in front ; periproct rounded, flush, posterior, just 
above the margin. 

Mssih Cretaceous ? : Cuba. 

This generic definition does not notice the definite grooving of 
the actinal surface, the shglitly contracting antero-lateral and the 
open postero-lateral ambulacra above the ambitus, the compara- 
tively central position of the simple peristome, and the general 
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simplicity of tlie ambulacra cliaracteristic of Asterosfomay 
Agass, 

The terminology appears to be s — 

Asterostoma excentrumi^ Lnik., sp. 

„ eiibense^ Cott. 

IBseicdaderostoma Jimenoi^ Cott., sp. 

Genus Metapobhiisitjs, Miclwlm, 1854, Bev» et Wag . de Zool 
ser, 2, p. 4'89 ; JBulL Soc* GeoL de Jdrance^ sor. 2, t. i. p. 270. 
Desor, 1858, Sgnojfsisj^'p. 210, Cotfeaa, 1860, FaL Frayig,^ 
Terr. Tura, vol. ix. pp. 28 & 504. Cotteaw, Feroji ^ Gau- 
thier^ 1876, Ech.foss. de TAlgh\ fasc. 2, p. 17. 

Test of moderate size and large, oval, slightly longer than broad, 
subcordiform, sometimes dilated at the ambitus. Very tall, gib- 
bous, and projecting upwards anteriorly, and grooved and oblique 
behind, sloping at the sides, actinally tumid, especially behind 
the peristome. Anterior groove variable. 

Apical system excentric in front, elongate, partly compact and 
disconnected and posterior. The four basal plates in contact and 
the posterior radial plates widely separated. The anterior radial 
plate may separate the antero-Iateral basals. 

Ambulacra, bivinm disconnected from the trivium ; diverse, 
apetaloid, f ush, except the anterior’, and this in a more or less 
defined groove, with simple, small, distant pairs of pores; paired 
ambulacra flexiioiis, pairs of pores becoming distant at the am- 
bitus and iiuiiierous near tbe peristome ; pores comma-shaped, 
placed obliquely to ono another, or circular. 

Postero" lateral iuterradia citlior uniting along the median line 
above or liaviiig plates intercahited tbore. 

Peristome exeeiitrie in front, transversely ellipticml-siibiiii- 
diilaio at its margin. Pcripi'oct supramarginail, oitlier flush, or 
in the uppc3r part oF a groove, and sometimes beneath an expjui- 
sion of the test, oval or pyriform, acuminate above. Tubercles 
very small, crenulato and perforated, snbscrobiculate ; gi'aniilos 
small, homogeneous, especially abaetinally. 

MssiL Jurassic and Cretaceous : Europe. Tithoiiian ; N. 
Africa, 
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VII. 

Tlio Siiborcler Spatangoidea and Familica. Pamilj Ananeliyiidffi and Genera, 
its Subfamily Urechininie and Genera. Family Spatangidm and its divisions, 
the Adetes and Genera ; the Prymnadetes and Genera ; the Prymnodesmia and 
Genera ; the Apetala and Genera. Family Leshiidai and Genus. Family 
Pourtalesiidse and Genera. 


II. Suborder Spatangoidea. 

Esocyclic nodostomes, with tlie peristome exceutric in front, 
rarely pentagonal in the adult, usually with, a posterior labrum, 
behind which is a long plastron, either with a meridosternum 
or an amphisterniim, bounded laterally by the posterior am- 
bulacra. Periproct posterior, and either iuframarginal, supra, - 
marginal, or marginal. Apical system witli four perforated basal 
plates, compact, or the madreporite may vary in its extension, or 
elongate. Ambulacra dissimilar. Tentacles lieteropodous, either 
simple, branchial, or penicillate or disciferous. Interradia with 
a single peristomial plate ; the postero-lateral areas usually un- 
symmetrical actinally. Spheridia numerous. Eascioles present 
or absent. 

I. Family Ananchytid^e. 

II. „ SPATANGIDi®. 

in. 5, LESEIIDiB. 

IV. „ PoURTALESIIUiE. 

L Pamily Ahahchttida}. 

Tests ovoid or sub cor diform in marginal outline, tall or de- 
pressed ; with or without an anterior groove ; plates large. 
Apical system elongate or semi-disjunct; the madreporite in 
the right anterior basal plate, rarely diffused. 

Ambulacra in a bivium and trivium, similar or slightly diverse, 
flush, apetalous ; pairs of pores largest near the apex and at the 
peristome, may be uniporous. 

Interradia all entering the peristome with a single plate, the 
postero-lateral unsyra metrical actinally, the posterior with a 
labrum and a long many-plated meridosternum, tuberculate and 
bounded by broad ambulacra. 

Periproct either posterior, marginal, inframarginal, or siipra- 
marginal. 

Ornamentation small. Tentacles heteropodous. A marginal 
fasciole may exist. 
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ClcnwB Eekinocorys. 

SubgeBiis Jeronia. 

Genus Holaster. 

Sobgciitis Lam,pada(tleT. 

Genus Qff aster. 

Bemipneustes, 

Car Master, 

Subgenus Jnfulaster. 

Genus Hagemwia, 

Subfamily UrechimncB. Ambulacra uniporous. 

Genus JJreclmius, 

Cystechinus. 

Cahjmne. 

Incertsc sedis : Enicliaster. 

Stenonia. 

fkniis Ectiikocoiiys, Breynius, 17S2, ScJied. de Ech. p. 58, pi. iii. 
fig. 2. lyOrl). 1853, Fal. Frmig., Terr. Cret. vol. vi, p. 62» 
Lomt, 1874, Eludes, figs. 51-58, 97, 181. 

Syn. Anmichytes, Lmk. ; Oolaster, Laubc, 18G9. 

Test large, tliin, oval iu marginal outline, flat actinally, straight 
or tumid at the sides above the sharp margin, high, rounded, or 
keeled apically. 

Apical system elongate ; usually the four basals are all per- 
forated by genital ducts ; but the foramen may be absent in the 
plate with the madreporite, or the right anterior basal plate ; the 
antero-lateral radial plates largo and miitcd and separating the 
anterior and posterior pairs of basal plates. 

Ambulacra nearly similar, all flush, apotalous, biporoiis, the 
plates low and narrow near the apex and gra, dually increasing in 
width and height to the margin, and small and dissimilar at the 
peristome ; pairs of |)oros well developed abactinally ; pores round 
or oval and nearly horis^ontal, becoming smaller, closer, and ob- 
lique towards the ambitus, where the pairs are more distant ; at 
the peristome 'the adoral pore of a pair is in front of the aboral 
pore and separated by a nodule. Posterior ambulacra actinally 
long and broad, the pairs small and the pores oblique. 

Interradia with large plates ; the postero-lateral areas imsym- 
metrical actinally, from union of the second plates of both zones 
behind the^ peristomial plate of the right posterior area ; all the 
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interradia enter tlie peristome witli single plates, and that of the 
posterior is a labrum, behind which is. a many-plated merido- 
sternnm forming a long plastron. 

Peristome exeentric in front, transrersely oval; phyllodes 
moderately developed. , Periproct inframarginal, posterior, oval. 

Ornamentation of scanty small primary tubercles and nume- 
ions small granules ; spines short and small. 

■ MsslL Upper Cretaceous: England, Europe, Africa. 

Siibgenns Jeeonia, Seimes, 1888 (genus), BtdL Soc> Geol de 
France, ser. 8, vol. svi. p. 809. 

Test large, subrostrate behind. Ambulaeral plates broad and 
large. Apical system may have an accessory plate and only three 
genital pores. Some large tubercles near the ambitus. 

Fossil. Cretaceous: Europe, 

Genus Holastee, Agassiz, 1840, Catal. Sgst. p, 1 ; 1847, Ann. d. 
8ci. Wat. ser. 3, vol. viii. p. 26. JDesor, 1858, Synopsis, p. 886. 
Fictef, 1872, Fal. Stcisse, Ech. Gret. p. 292. Loven, 1874, 
Etudes, p. 49, pis, v. & sxv. 

Syn. Guettaria, Gauthier, 1887; Fntomaster^ Gauthier, 1887. 

Test variable in size, tbin, ovoid in marginal outline, flat acti- 
nally, tumid and high, and may be keeled abactinally ; a very 
broad and shallow groove anteriorly. 

Apical system elongate ,* the madreporite in the right anterior 
basal plate. 

Ambulacra apetalous, biporous, diverse ; the anterior ambu- 
lacrum with pairs of small, oblique, circular or slightly elongate 
pores in the groove ; the antero-lateral ambulacra the most di- 
vergent, their pores oblique, diverse, circular and linear, rather 
long ; the -pddm of the anterior and posterior zones may differ in 
size ; the postero-lateral similar to the antero-lateral abactinally, 
like them also in having minute wide-apart pairs at the ambitus, 
but differing in being long and broad on the sides of the actinal 
plastron. 

Interradia with large plates; the postero-lateral area of the right 
side aetinallj has the second plates of both zones beyond the single 
peristomial plate united, and is thus unlike the corresponding 
area of the left side ; the peristomial plate of the posterior inter- 
radium is broad and larger than the others, it forms a labrum 
and is succeeded by a long many-plated meridosternum, but the. 
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second plate of this stretcbes across and occludes tlie fellow plate 
from the peris tomial plate. 

Peristome exceutric in front, elliptical and broadest transversely. 
Periproct supramarginal, oval. 

Ornamentation of small primary tubercles raised above tlie 
general surface ; granules exist in numbers and limit the plain 
scrobicules. 

Fossil. Cretaceous : England, Europe, Asia, W. Africa. 
Miocene : Australia. 

It is hardly possible for Holasfer Campioliecmics^ d’Orb., to 
remain in tie genus, and H. Indiciis^ Eorbes, may be a CarcUaster, 

Subgenus Lampadastee, Cotteaio^ 1889 (genus), Bitll. Sog. Zool. 
de France, vol. xiv. ]3. 88. 

Appears to be an Holaster with a pronounced ambulaeral 
groove at the ambitus anteriorly, with large, distant, broadly sero- 
biculate tubercles especially abundant dorsally ; the periproct 
below a posterior rostration. 

FossiL Cretaceous: Madagascar. 

Genus Ofpastee, Desor^ 1S6S, S^noj)sis, p. 388. Fe Loriol^ 
Fell, des Fm. de Camerim, 1882, p. 10. Loven, 1883, Four-- 
talesia, p. 92. Gauthier^ 1887, Bull. Soc. d. Bci. de V Tonne., 
vol. xlL e (pub. 1888), p. 403. 

Test small, tumid, globose or conical or cordiform, flat or 
tumid actinaliy. 

■Apical system elongate ; the inadreporite in the right anterior 
basal plate, A doubtful or absent anterior groove. 

Ambulacra flush, apetalons, with few high plates with miuuto 
circular pores in pairs, which diminish in size and increase in 
distance towards the ambitus, and are larger at the peristome. 

Interradial plates high, larger than those of the ambulacra ; the 
postero-lateral areas imsymmetrical actintilly on account of the 
fusion of the second plates of the right posterior area ; a narrow 
posterior peristomial plate with a small labrum, and posteriorly 
is a long meridosternum. 

Peristome exeentric in front, broader than long, oval. Periproct 
circular or ovoid, supramarginal. A marginal fascicle may occur. 
Fossil. Cretaceous : England and Europe. 

Certainly no forms with compact apical systems can enter. 



(3-E?^EEA AlfB aEOFPS OE THE ECHII^roIBEA. 


209 


G-eiiiis HemipheusteSj A^assiz^ 1840, Cat. p. 2 ; 1847, 
d. Sci. Nat. ¥oL liii. p. 31. Besor, 1858, Bjjnopsls^ p. S4S. 
Loven, 1883, Fourtahsia^ ]3p. 70, 92, 95. 

Test large, ovoid in marginal outline, liigli and tiiinid, and raised 
OY not in front abactinally, flat actinally ; naTroivly and deeply 
grooved anteriorly and more or less emarginate posteriorly. 

Apical system central, elongate ; the an tero -lateral radial iflates 
large and uniting at tlie median line ; tlie inadreporite diifiised. 

Ambulacra dissimilar ; tlie anterior in tiie groove, its palates 
and pairs of pores numerous and small, the rows of j}ores wide 
apart ; the paired ambulacra flush, semipetaloid, more or less 
curved, open distally, -with nximeroiis plates ; the pores of the 
pairs circular and elliptical and elongate. 

Iiiterradia actinaliy symmetrical on account of the fusion of 
the second plates of both of the postero-lateral areas. Posterior 
interradium with a wide produced labrum and a iiieridosternous 
plastron with large plates and a zigzag of sutures. 

Peristome excentric in front, much sunken, crescent-shaped, 
broad. Periproct supramarginal. A small equal granulation, 
large on the edge of the anterior groove. 

Nossih Cretaceous ; Europe, Africa. 

G-enus Oaediaster, Mrhes, 1852, Meiii, Geol Survey, Decade iv. 
pL ix. Besor^ 1858, Sympsls, p. 344. 

Syn. IStegasfe}\ Pomel (pars) ; Ohhaste}\ Pom el (pars). 

Test large, cordiform, slightly convex actinaliy, tumid at the 
margin and rather depressed abactinallj, broader than high, may 
be high anteriorly ; with a well-marked anterior groove keeled at 
its sides, reflected more or less on the dorsum. 

Apical system siibcentral or excentric in front, elongate, the 
anterior basals being separated fi’om the postero-lateral by the 
united antero-lateral radials. Madreporite in the antero-lateral 
basal plate. 

Ainbiilacra apetalous and biporous, flush with the surface of 
the test except the anterior, which is in the anterior groove. 
Anterior ambulacrum with small pores, the pairs becoming wider 
apart vertically and horizontally, from increased dimensions of 
the plates, and reaching far dowm the groove, before they become 
smaller. The posterior poriferous zones of the other ambulacra 
have larger pairs of pores tlian their anterior zones ; pores elon- 
gate, and often placed obliquely in the pairs. 

Lim. joTO^.—zoonoax, yon. xxiii. 14 
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Iiiierradia with largo plates^ the plates behind the peristome 
forming a ineridosterniun. 

Peristome excentric in front, and its orifice with a posterior lip 
looking forwards, elliptical, transverse. Periproct in a depression 
in the truncated posterior face, oval. A more or less eomjdetc 
marginal fascicle passing below tlie periproct. 

MssiL Lower Greensand to White Chalk : England, Europe, 
Asia, America. 

Such forms of Gccr cli aster 0. fossartus, Benett, sp., from the 
Upper GTCODsand, C. Gotteana?ia, d’Orb., besides a variety of 
the first-named species, lead so decidedly up to Trfidasier,llBge- 
now and Desor, that after due consideration I agree with 
Eorbes in placing the species which wore admitted by Ilagenow^, 
d’Orbigny, and Wright in that genus, with one exception, in the 
genus Gmxliaster; or rather in a subgeniis writliout a fasciole 
(Infidaster), I have examined the types defScribed by Eorbes, 
and they have no lateral or any kind of fasciole, and this wuis the 
opinion of the late Dr. Wright. All the characters of GanUmter 
are present in tlie species 0. eiccentriciis^ Eorbes, and therefore 
the absence of the fasciole is not of generic importance. I 
do not consider that GarcUcister rostratus, Forbes (the Infih 
Icister rosiraim of Desor), belongs to the genus, and I admit it 
in a new one, Sagenonia, 

Siibgenus Ikfijlaster, (genus), 1S51; Desor, 8y- 

nojpsis, p. 347. 

Test high in front, narrow; anterior groove deep and with, 
strong lateral keels. Fasciole absent. 

DossiL Upper Chalk : England and Europe. 

Genus Hacienowia, gen. nov. 

Sjn. Gardiaster, Forhes (pars); Infidasfm^ Desor (Hagen.) 
(pars) ; 8f chaster, Pomel (pars). 

Test small, long, narrow ovoid, low, with a long, slightly bent, 
blunt-pointed rostrimi, grooved beneath and arising from the 
upper and anterior part of the test The narrow dorsum of 
the test is saddle-shaped, short, and slopes from the rostrum to 
the oblique posterior truncation, which is narrowly grooved from 
below upwards. The anterior part of the test, beneath the 
4^ See Forbes, 1852, Mem, G-eol. Survey, Decade iv, pL x. fig. 7. 
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rostruiiij is nearly vertical, narrow, and grooved. Actinally the 
test is narrower than dorsally, and is convex from before back- 
wards and from side to side. 

Apical system small, on the top of the rostrum ; there are four 
basal plates ^ placed closely, and the anterior pair are alone per- 
forated by genital ducts. Eadiai plates small. 

Ambuiacra apetalous, and, with the exception of the anterior, 
which is in the anterior groove t, flush with the test. Pairs of 
pores of the anterior ambulacrum fe'w and wide apart, continued 
up over the end of the rostrum abactinally. Pairs of the antero- 
lateral ambulacra small and indistinct, passing down the rostrum 
abactinally J, and keeping close to the edge of the anterior part 
of the test ; the posterodateral pair passing parallel to the 
ridge of the dorsum to close to the oblij^^ue posterior edge, and 
then passing downwards to reach the actinal surface far back, 
and running along the convex median part on either side to the 
excentric in front peristome. 

Peristome § at the end of the anterior groove, transversely 
elliptical ; posterior inteiTadiiiin meridosternoiis behind the peri- 
stome. Periproct \\ at the top of the posterior groove. 

Ornamentation small, scarce, made up of close miikries. 
Primary tubercles absent. Pascioles absent. 

FossiL Upper Chalk : England, Europe. 

Haoekowia eosteatus, Forhs, sp., 1852, Mem, &eoL 8ur- 
Decade iv. p. 3, pL x. 

Test compressed at the sides, with the apex produced as an 
elongate, oblique, slender rostrum. 

Subfamily Urechimnee. 

Ambulacra uniporous. 

The genus Ureclimits,, A. Agass., has had its solitary species 
well studied by its first describer, and also by Loven ; but it 
must be admitted that the shape and details of U. Naresi {Mare- 
A. Ag., is probably not classical, as Nares ” refers to a man 
and not to a place), given in the ‘ Challenger ’ Eeport, pis. xxix., 
XXX., XXX. a, are not those of the one species. Some forms iiave 
and others have not a subanal fasciole; and these last are, 

^ Plate x. %. 11. t Pigs. 8 and 9. 

t Pig. 10. § Fig. 13. I Fig. 12. 
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iiiorcoYer (as Loven, lias pointed out), witliout the peculiar ar- 
rangement of the pores of tlie postero-lateral ambulacra in tlio sub- 
anal region, which is seen invariably with a true subaiial fasciolc. 

It may be tliat there are two groups of forms, one without and 
the other with a siibaiial fasciolo, and yet closely allied, as in the 
instance of Mierasfer and Mpimter ; or the fascicle may be so 
small in the area wliieli it SLirronnds, that it does not interfere 
with tlie ambulacra. The final solution of these questions 
must be left to the distinguished author of the Eeport on the 
^ Challenger ’ Echini ; biifc for the present the latest authority, 
Prof. Loven, must be consulted. 

Genus FEEOHmus, yl. Agassk^ 1870, Proc* Amer, Acad vol. xiv. 
p. 207 ; 1S81, Beport on the ^ Glmllenger ’ p. 14G, 

pis. sxix., XXX., XXX. 1883, Beport on the ^Blalce’ BeJdni, 
p. 52, pi. xxvi. Loven, 1883, Pourtalesia, p. 90, pi. xxi. 

Test moderate in size, ovoid, tumid, tapering posteriorly in 
marginal outline, varying in height, either low, tumid, and feebly 
arched dorsally, or conical and taller than broad ; convex acti- 
nally, with a slight heel over the region behind the peristome, 
truncated posteriorly, and with a hood overhanging the periproct ; 
surface smooth. 

Apical system nearly central, elongate, the lateral basal plates 
separated by the junction of the antero-iateral radial ]3lates, with 
or without complementary plates ; usually thi'ee genital pores ; 
and the madreporite in the right anterior basal plate, but there 
may be a fourth pore ; posterior basal plates united ; radial plates 
irregular in shape. 

Ambulacra all fliisb, apetalous, uniporous ; the plates high, 
and differing little from those of the interradia, except those of 
the anterior, wdiich are lower and more numerous ; pores Biriall, 

Interrndia with the postero-Iateral areas broadest ; aetinally the 
single peristomial plates small and narrow, the labrum also 
and not prouiiiient ; the wliole of the paired areas symmetrical ; 
the second plates of both zones of each lateral interradiiim 
xmited so as to form a single plate beyond the peristomial 
plate j the third plates separate. The sternum semimerido- 
aternous (the plate 2 of zone I occupying the whole sternum, 
and followed by a small plate 2 of zone a, and at its side a plate 
3 of zone &). 

Peristome subeentral in front, slightly sunken, subpentagonal i 
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tlie amtukcra form the larger part of the margin ; iiietiil}rane 
with a central mouth surrounded by concentric buccal plates 
without tentacles, largest at the margin. Periproct low down 
in the posterior interradium, with a swelling below and more or 
less of a hood above, elliptical, its membrane wdth concentric 
plates. Below the periproct a mass of small miliary tubercles, 
wliicli may simulate a fasciole. Tuberculation scanty, of pri- 
maries, with many secondary tubercles and miliaries ; and hence 
a dense covering of very short spines, with broad bases. 

Beeent. 422 to ISOO fathoms, Pacific, south of equator, to 
Kerguelen, Magellan Strait, Caribbean Sea. 


G-enus CYSTECniivus, A, Agassiz, 1879, Proc, Amer. Acad. vol. xiv« 
p. 207; 1881, EepoH on the ‘ Challenger^ Pcliini, p. 148. 
X J?"'. Gregory^ 1889, Quart. Joiirn. Geol. Soc. voL xlv. 

Test very large, thin to ratlier stout, may be flexible, ovoid or 
elliptical in tumid marginai outline, tall, subcoiiical or subhemi- 
splierical, and then low ; flat actinafiy, sunken slightly around 
the peristome, and tumid behind it. 

Apical system subeentral or slightly posterior, elongate, plates 
confused; the pairs of basal plates se[.:arated either by large 
radial or by accessory plates; the basals large, irregular, and 
three, rarely four, perforated ; a small madreporite in the right 
anterior basal ; radial plates confused, some small. 

Ambulacra similar, flush, apetalous, uniporous except close to 
the peristome, widening to the ambitus, with, as a rule, large 
plates, except close to the apex, where they are narrow. 

Interradia with large plates tending to become hexagonal, very 
similar to ambiilacral plates ; a small peristomial plate to each 
area, and a nieridosternum slightly tumid. 

Peristome circular or subelliptical, transverse, in front of the 
centre, nearly flush, without lips, and with a raised internal ridge ; 
peristomial membrane wdth concentric plates carrying small 
spines; mouth subcentral, in the membrane. Actinal ten- 
tacles tufted. Perij)roet elliptical, variably placed, marginal, and 
just above or below it ; plates of membrane numerous. 

But few primary tubercles on the plates, which may have 
ridges ; many secondary tubercles and miliaries ; spines short, 
Tery close and equal, some serrate and cylindrical, others club- 
shaped and spinnloge. Pedicellariai niimerous, some on stalks, 
tridaetyle, blunt or sharp-headed, mostly trefoil-like and sliarp. 



214 


M. X>raCAN*S HEYISIOIT OF THE 


FossiL Tertiary (late): Barbadoes. 

Mecent riillippiiies ; Tristan da Cuiiba to Buenos Ayres; Juan 
TYu’iiaiidcz to Olilli; Antarctic Ocean, Marion Island to Kerguelen 
and Australia, Bopili 1050 to 2225 fatlioms, 

O'cmis C^\.LY■^rNE 5 J¥(/i\ Thomson^ 1877, Voi/. of the ^ Challenger, ^ 
^^The jUhmiicf vol. i. p, 397, A. Agassiz, 1881, Meport on 
K'HidUenger ’ Fclilni, p. 154. Lovhi, 1883, Foiirtalesla, p. 90. 
{Arranged.) 

Test iiiode.rate, and probably large in size, and very tMn, oval 
c]li|)iieal ill marginal ouilhie, longer than broad, and broader tlian 
liigli) rattier Hat aetinally, with a low roinuled kecd extending from 
tlic ]ieristoine Iniclvwards, timihl above the slightly sharply-edged 
margin, ratlior Hat abactinally. Plates mmierous, large, very 
geometrical in shape. 

A pica! system with the bivium widely separated from the trivium 
by plates of tlio postero-lateral interradia ; anterior basals per- 
forated by the genital duets which protrude; the madreporite is 
placed iiumediately beliiiid the basals 2 and 8, and is probably in 
an intercalated plate. Behind the madreporite are two large 
plates, one on either side of the median line ; and they appear to 
bo imjierforato basals ; and behind these basals are four or five 
plates of tlie postero-lateral interradia. The anterior radial 
plate is in the usual place and is small; the aiitero-lateral 
radials are on the outer edge of the large hasals behind the 
nuidreporite ; and the posi erioi* radials ai’e close and behind the 
last of the intercalated interradial plates, The system is there- 
fore elongate,} and disuiiiled. Basal 5 is absent. 

Ainlrulacra llusl), aptd;e.louH, nnipororis; plates large and high, 
diOoring but slighi ly in heiglit irom the interradial plates, the 
port} being fsiir in the iniddlt} of the plates. Th(3 anterior am- 
bulacrum roHombliug tlu} oth<u\s and, like them, flush with the 
tent; (:he iUite:i:‘ 0 -hii(U‘al far ,r(,)rwa:rds and on a lino with the 
peristeum}; i-lie. [)Ost.ero-late:nil iar back abactinally, and witli 
broa-d parts on urr sidt} of the Hterniim. 

]'ut(!rra-«'lia witli, ilie aj iter tor pair mucli smaller than the pos- 
tern- 1 atiyral, wliiclt a.re broad and which separate the bivium 
from the rest oi,* tlie calyx abactinally ; the antero- and postero- 
latnral iuterrjulia reach tlie peristome, with very narrow single 
plates. Posterior interradiiun narrower than the postero-lateral, 
aetinally forining tlio low keel of the sternum, its first plate 
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at tlie peristome is small, and the next is larger and single, the 
arrangement being meridosternous ; the plates are slightly pro- 
duced backwards so as to form a slight beak-like structure which 
is placed below the periproct. 

The peristome is far in front and is pentagonal ; it has irre- 
gularly concentric rows of plates on its membrane. Periproct 
nearly circular in outline, largely plated, and placed above the 
keel-like margin of the posterior part of the test. A narrow 
marginal fascicle exists, and it dips below the edge anteriorly. 

The ornamentation of the test is small and simple, the 
two or three small primaries, which are on each ambulaeral and 
interradial plate abactinally, are irregularly placed, and there 
are some granules with them ; tin to are larger tubercles wbicli 
are rather crowded along the sternal keel, and also on the pos- 
terior part of the abactinal surface. In these places the spines 
are largest and paddle-shaped and striated ; similar spines are 
also around the periproct. The tubercles elsewhere carry slender 
hair-like or bliint-eiidcd and notched spines. Colour of the test 
pale green. 

Becent, North of Bermuda, 2650 fathoms. 

Genera incertee sedis : Enichaster. 

Sienonia, 

Genus Eixichastee, Be Loriol, 1882, Beser. des EcMmdes des 
Bnv. de Camenno^ Mhn, Soe, BIii/s, et Hist, JSfat. de Genlve^ 
t. xxviii. No. 8, p. 30. 

The test is much longer than broad, oval-elliptical in marginal 
outline, wdtlioiit notches ; slightly convex dorsallj and actinalij, 
moderate in size and greatly depressed. 

The apical system is excentrie in front, compact, and has 
four close, perforated basal plates. Madreporite surrounded by 
the basals, and very small. 

Anabiilacra flush with the test, showing no tendency to closing; 
the anterior has no groove, and is composed of very minute pores 
which are wide apart. The antero-lateral ambulacra are almost 
transverse, and the poriferous zones are equal ; the pores are in 
simple pairs, round, and not united by a groove. The posterior 
ambulacra are the longest and closest. 

The excentrie-in-front peristome wns probably pentagonal. 
The periproct opens quite at the summit of the posterior inter- 
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radiiiiii« Tlie tubercles are well developed, wide apart, scro- 
biciilatc, and are over tlie wliole surface of the test, and tlierc 
are small close granules. 

FosslL Eocene (Oligocene) : Europe. 

G-enus Stkfoivia, Desor, 1858, Synopsis, p. S38. 

Largo conical Ureliins, witli the pcriproct iirframargiiial, a bila- 
biate peristome, and with equal ambulacra. The apical system is 
compact* The amhiihicral plates are about half of the height of 
the interradial plates* 

Fossil Upper Chalk: Europe. 

There is but one species known of this remarkable genus, which 
Desor pointed out is Fclrhiocorys {Anancliytes) with a compact 
apical system ; he notices that the test is very thick, and that 
there is a bulging of the centres of the plates. 


lie Eamily SpATAiruiniE. 

Tests ovoid or cordifonn, longer than broad, with numerous 
plates, and usually with an anterior groove. 

Apical system with four or leSvS perforated basal plates, coni” 
pact, or vfitli tlie madroporite variable in its posterior extension ; 
radial plates five and external. 

jiinbiilacra in a biviuin and trivium, the anterior differing in 
shape and construction from the others, which may be ])ctaloi(l 
dorsally or apetaloid, liiporons, or iiiiiporous; the posterodatera'l 
long actiiia] ly and hounding tlie actinal plastron. Pori podia, 
large around tlio peristome, forming riuliinontary phyllodcs, the 
imitaeles being pcnicilla-tc tliere, and either simple or braiiu-hia] 
above. 

IMrs of pores of the pctaloid parts (liftering from iJio others. 

j"nterradia narrow at the apex and at the 'poristomes wliere each 
has a sii)gl(3 plate: the posterior jdate the largest, au,d form- 
lug alabruiii more or less projecting beliind tlio transversely 
elliptical |)eristoino. The postero-iiitcral interradia are usually 
unsynrmetrical actinally, and the actinal plastron of the posterior 
area may be amplristernous or meridosternous. 

Periproct in the posterior interradinm. Faseioles present or 
al)Ben,t, Spines slender. Bplteiddia most nmiieroiis in tlie biviuin. 

Unisexual or bisexual, undergoing free metamorphosos or not, 
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It lias often been atteinxited to arrange tlie very numerous 
genera, botli fossil and recent, of this Family into subfamilies, 
but with very doubtful success, on account of the presence of 
intermediate forms. 

The researches of Loven have indicated that the least artificial 
method of classification, and one which is coiiiparativelv natural, 
is to rely upon the suhanal fascicle and its complementary modi” 
fications of the posterior ambulacra and their tentacles as a 
taxonomic character of importance, and to consider the other 
fas doles in a secondary sense. 

Division I, The Adetes. All fascicles absent. 

II, The Frymnadetes. Suhanal fascicle absent, other 
fascioles present. 

III. The Frymnodesmia. Suhanal fasciole present. 

lY. The Apetala. Tests with flush, apetaloiis, usually 
uniporous ambulacra. 


I. Division Adetes, 

Genus Isaster, 

Epiaster, 

Subgenus Maoraster. 

Genus Echinospafayus, 

Ennalaster, 

Heterolampas, 

Megalaster, 

Hemipatagus, 

Platybrissus. 

Falmopneusfes, 

(xenus IsASTEE, Besor, 1858 , Synopsis, p. 359. I)e Loriol, 1888, 
Fah de la Frovince d^ Angola, fK Fcdi. p. 118, 

pi. viii. 

, Test moderate in size, elongate, cordiform, largest in front, 
contracted posteriorly. 

Apical system compact, slightly excentric in front. 

Ambulacra slightly diverse, in shallo'w depressions, long, sub- 
equal ; the anterior with smaller pores than the others, its pores 
elongate, forming a suhpetaloid open area j the posterior ambu- 
lacra resembling the auteriur pair, but less divergent, the pores 
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of the outer rows elongatoj and those of the inner nearly circular ; 
petals not closed. 

Iiiterradia large, and the tubercles distant, small, and projecting, 
inamillate, perforatej and crendated. 

Peristome excentric in front, large, and with a posterior labrum. 
Periproct flush, broadly ovoid, acuminate above and below, supra” 
niarginal. Pascioles absent. 

Fossil Cretaceous : Europe, W. Africa. 

There is no doubt that the genus Fpiaster contains s])ecies 
which belong to Micraster, the siihanal iaacioles of which are not 
visible, and some to Ilemiasier, Fj:>iasfer de Zorioli, W right, of 
the English Tipper Greensand, -when well preserved has a distinct 
peri])etalons fasciole, and is a large, squat llemiasier. This was 
known to Bone the artist; but Dr. Wright could not see the 
fasciole, whicli is very apparent in the type specimen in the 
British Museum. Cotteaii desired to unite the genus with 
Mioremter ; but there are true species of Mpiaster without a sub- 
anal fasciole, and without the invariably concomitant luodifications 
produced by that fasciole, in the plates and pores of the posterior 
ambulacra, so well described by Loveu in his ‘ Etudes.’ 

Genus Epiaster, iOrUgnij,l%D'^, Fal Frcmg,, Terr. Gret. Bcli. 
voL vi. p. 186. 

Test moderate and large in size, cordiform in marginal outline, 
rather tumid and moderately high, or depressed and much 
broader than high, wntli an anterior groove, a rather narrow 
posterior truncation, and a tumid actinal surlace posteriorly. 

Apical system siibeeiitral, wilb four perfora,ted basal plates, 
and the inadreporite usually separating the posterior basal, plates, 
or it may be within. right anterior basal |)late. 

Ambulacra diverse, tlie autorio.r in the groove, with, pairs of 
siiiall pores on cither sidti ; paii'cd ambulacra, jxstaloid dorsa-Ily, 
long, iiiie{]ua], sunken, straight, (live,rgciit, tending to close or 
not; pores elongate and unequtil. 

Iiiterradia tumid dorsally. 

Peristome transverse, excentric in front, the labrum projecting. 
Periproct oval, longitudinal, supramarginal, placed in a dciinite 
area. Tubercles small, perforate and creuulato, with intervening 
miliaries, largest near the margin actinally and upon the Bteniiun. 

Fossil Cretaceous : England, Europe, 8, Ilindostan, W. Africa. 
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Subgenus Maceastee, Jl (germs), Irenes JaJirh,/. 

Mm. u. GeoL Bd. i. p, 191, pi, vi. 

Peristome without a projecting labmm. 

Fossil. Cretaceous ; Texas, IJT, America. 

Breyniiis certainly placed several species belonging to very 
different genera in his Fclivnosixitagus ; hut Agassiz in 1840 
failed to produce a homogeneous group in ToMcster^ which he 
considered to be a good genus and to supersede that of Breyniiis. 
Since the date of the Catal. Bais., some authors have followed 
Agassiz and others Breynius. At the present time it would be 
justifiable to reject both of the generic terms, but it is as well to 
give Breynius credit for recognizing a very interesting form 
before the days of Agassiz. 


Genus Eohinospatagtjs, Breynius, 1732, Sehediasma do Ecli. 
p. 61, pi. V. figs. fS, 4 (pars). Loten^ 1874. Etudes^ p. 58 
1883, Pourtalesia, p. 92. 

Syu. Toxasterj Agassiz, 1840 (pars) ; Desor, 1858, Synopsis, 
p. 350 ; Be Loriol, 1888 (Toa^aster), Baiine Crdt. dii Portug., 
Ech. ii. fasc. 2, p. 92. Miotoaoasfer, Pomel. 

Test of moderate size, thin, broadly ovoid or subcordate in 
tumid marginal outline, broadest anteriorly, depressed, swollen 
dorsally and highest posteriorly, with an anterior shallow, broad 
groove and a posterior truncation. 

Apical system excentric posteriorly, rarely central, with four 
perforated basal plates ; tlie madreporite in the right anterior 
basal plate, and extending sometimes centrally, but not sepa- 
rating the posterior radial plates. 

Ambulacra diverse, the anterior in the groove ; tlie pairs of 
pores close vertically, and the pores unequal, those of the outer 
row the longest. Paired ambulacra unequal, siibpetaloid, open, 
flexuous, vei 7 slightly sunken or flush, with unequal poriferous 
zones, and the pores of pairs unequal, the outer elongate 
and longer than the inner pores ; pairs varying in width, and 
narrowing toivards the end of the petals. Anterior paired 
ambulacra divergent but directed forwards ; the anterior pori- 
ferous zones with smaller pairs of pores than the posterior 
zones. The postero-lateral ambulacra shorter than the others, 
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open, and tlie pairs of pores of the anterior zones smaller than 
those of the posterior. 

Iiiterradia tLiinicl, the right posterior interradium actiiially 
■with normal heteronomy, the plates 2 and 3 of zone a being 
united; a sternum not quite symmetrical, but still ampliisternous, 
and no true episternum. 

Peristome excentric in front, subcircular or pentagonal, trans- 
verse ; a small posterior labrum. Periproct in the posterior 
truncation. Tubercles distinct, small. 

Fossil. Cretaceous : England, Europe, N". Africa, Asia (Syria). 

Do Loriol has proved the identity of Ennalaster and IIeterasfer» 


G-oiius Ennalaster, d’Orbigny, 1853, Fd. Frang, vi. Terr. Oret. 
Fell, p, 181. Be Loriol, 1884, Bee. Zool Stdsse, i. no. 4, 
p. 622; 1888, Faune Gref, dii, Fortug., Ecli. ii. fasc. 2, 
pp. 87-92, pis. xvi. & xvii. 

Syii. Seteraster, d’Orb. 1853. 

Test of small or moderate size, cordiform, low, tumid, slightly 
longer than broad, grooved in front, truncated behind. 

Apical system compact, coinciding variably with the apex, 
may be excentric ; four basal plates ; the madreporite large, and 
separating or not the posterior basal plates. 

The ambulacra diverse, the anterior broad in the slight anterior 
groove of the test, the broad pairs of pores close in vertical sue- 
cession, iiiiineimis, a larger pair alternating with a small pair ; 
tlie outer row of pores of the larger pairs elongate, and the 
inner smaller and slioi-ter ; intermediate small pairs either wil;h 
elongate or circular o-uter pores, but always smaller than the 
others. 

Petaloid parts of the antoro-lateral ambiilacrai divergent, 
flexuoiis, tending to close, nearly fliush, the poriferous zones un- 
equal, the posterior the largest, anterior zone may ])o small ; 
postero-lateral ambulacra, short, divergent, zones unequal or not. 

Peristome excentric in front, labiate, wide, arched in front. 
Periproct in the posterior truncation. 

There are no faseioles. 

Fossil Cretaceous : England, Europe, N. Africa, Asia (Syria). 

A careful com])arisoii of the species of Fddnospafagus and 
Frmdaster leaves groat doubts in the mind whether the dif- 
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ferences in tlie pairs of pores of the odd ambiikcmm — the essen- 
tial distinction — are sufficient to separate the genera. De Loriol 
lias expressed his doubts, but is content to permit the distinction 
to persist at present. It is not possible, however, to admit 
MiotomsteTj Pom el, although De Loriol names species with the 
title in Ms ^ Eaiine Gret. du Portug.’ 

The position of the next genus is doubtful, and it would at 
first sight not be considered a Spatangoid; but Humbert’s 
drawing show^s some very definite characters. 

Genus Heteeolampas, Goiteau^ 1862, Mei\ et Mag. de Zool. 
ser. 2, vol. xiv. p. 198, pL ix. ; Gotteaii, Feron tf Gauthier ^ 
1881, Ecli.foss. de V Alger, fasc. 8, p. 151, pi. xv. 

Te.st rather large, cordiform in marginal oiitline, tiuineated 
and narrow beliind, tumid dursally, longer than broad, highest 
posteriorly, depressed, fiat actinally. 

Apical system siibcentral, hirge, with four largely perforated 
basal plates, the madreporite separating the posterior basal plates, 
and the aiitero-iateral radial plates- intercalated between the basal 
plates ; the posterior radials in contact and separating the pos- 
terior basals. 

Ambulacra narrow, siibpetaloid, slightly open, in grooves, sub- 
equal, similar ; poriferous zones ahactinally, with large elongate 
outer and smaller comma-shaped inner pores, placed transversely ; 
beyond the petaloid parts the pairs are small and close to the 
peristome, one pore is much smaller than the other of a pair. 

Peristome excentric in front, subpentagonal, longest trans- 
versely, widely open, without a floscelle j with a posterior labrum. 
Periproct oval, supramarginal. Tuberculatioii scanty. 

Fossil. Cretaceous : N. Africa, 

The genus is ewdently closely allied both to Cassidiilids and 
Spatangoids, and should be placed near FcMnosjmtagus. 

Genus Megalastee, Bwncmi., 1877 , Quart. Joimi. GeoL Soe. 
xxxiii. p. 61. 

Test large, elliptical in outline, wdth a deep anterior groove 
and small posterior truncation, depressed tumid abactinaiiy, flat 
actinally. 

Apical system excentric in front, small, with four genital pores. 

Ambulacra diverse, the anterior in the broad deep groove 
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aborted more or less ; the paired ambulacra with siihcqiial petaloid 
partSj ill deepj straight, or sliglitly flexiious grooves closed, the 
anterior pair more divergent than the -posterior, not expanding 
but very equal in brea-dtli. 

Peristome Tory excentrie in front and close t;o the notch, large, 
transverse, semilunar, and witli a strong posterior labriim. Peri- 
proct large, elliptical, transverse, supramarginal, in the small 
truncation. Tubcreulatioii very small, l^o fascioles. 

.Fossil, Miocene: Australia (sec also Quart. Joiirn, G-eol. Soc, 
1887 ). 

Genus Iln^^irPA'riimrs, .Desoi% 1858, Spi 02 )sis^ ]). 4ilG, pi. xliv. 
iigs, l-h. GoUeau, IGGJl, IjIcJi.Joss. (L Fijmu p. 150 . 

Syii. Tiiheraste}\ Porou & Q-autliior, 

small, cordiform, rather high, highest at the posterior 
truncation, as long as broad, tumid above, notched anteriorly, 
Hattisli aetiiially. 

Apical system •\vith four perforated basal plates ; the madre- 
j)orite central and extending posteriorly, and separating the 
postoro-lateral basal plates. 

Ambulacra diverse, the anterior with small 2 )ores, and the 
lateral ])etaloid, long, and comparatively -flush, -with sunken pori- 
ferous /-ones. Several large perforate and crenulate primary 
tubercles, in deep scrobiculea, wide apart, in the lateral interradia 
abactiiniliy. 

Peristome semilunar, with a projecting posterior lahnim ; the 
ainphistern um broad, smooth, and worn-looking. Periproct 
posterior, su|)ramarginaL Pascioles absent. 

FossiL Eoeoue ; Bnropc. Tertiary : Asia and Java. Pliocene ; 
Europe. 


(leiitis PuATVimissLis, Gniha^ 18(55, lahfesb, tt Sc/ilos, Ges. f, 
Vitlerl* (JiilL p, (51. -A. Af/(tssiz^ 1878, Mevmou^ p, 5G2. 

Test moderate, de|}resacd, elliptical, and Boinewliat rounded in 
the thick ambital outline, tumid dorsally, flat actinally. 

Apical systein excentrie in front, small, with four perforated 
basal plates, compact. 

Ambulacra fliverse, flush, the anterior with very few pairs of 
small pores j the lateral petaloid, but open at the ambitus, narrow ; 
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the pores close, and the outer row the largest ; the postero-lateral 
continued over the margin actinally as very broad areas, which 
nearly join and pass forwards on either side of a very linear 
sternum j the antero-lateral with some douhliiig of pairs near 
the peristome. 

Ornamentation of the interradia of secondary tubercles and 
miliaries, largest near the ambitus, and actinally there are larger 
tubercles, which are more distant, and also miliaries. 

Peristome large, semicircular, exeentric in front, slightly 
sunken, with a feeble labrum, so that the margins are on the 
same level. Posterior interradinm actinally with an ill-developed 
narrow sternum, which becomes a small triangular surface behind 
the close ambiilacral areas. Periproct pointed, elliptical, marginal. 
Fascicles absent. 

Mecetit, Position unknown. 

The genus Falceojyneusfes, A. Agassiz, is one of the most in- 
teresting of the series described by its distinguished founder ; it 
gave him much trouble, and he has pointed out how strange are 
its superficial and positive alliances with Cretaceous, Tertiary, 
and recent types. The difficulty of grasping the true meaning 
of the genus has, in consequence of the association of Lino- 
pneusfes with it as a siihgenus, been increased, and it appears 
really straining a point to classify so closely forms with and 
•without well-developed marginal and subanal fascicles. It is 
proposed to raise Lmopneiisfes (x^. 258) to the position of a genus. 


Genus PALiEOi"2fEiJSTES, A. A^asiiiz^ 1878, Btdl Mtis, Comp. Zobl 
Sard. iii. no. 8, p. 188 ; 1874, Sassler Eaped. Lcli., Mem, 
Mm. Comp^ Zobl, Harv. no. viii. p). 13 ; 1888, Meport on the 
* Blake ^ Beh.y op. eit. no. x, p. 60. (Modified.) 

Test large, with a sharply defined or somewhat tumid ovoid 
ambitus, moderately high, subconical or siibhemispherical abacti- 
nally, broadest anteriorly, broader than high ; actinally fiat, with 
a posterior obHque truncation. 

Apical system slightly exeentric in front, small, with four 
basal plates, three or all j)erforated, the right anterior containing 
part of the madreporite, which extends beyond, centrally, and 
separates the postero -lateral basal plates and also the posterior 
radial plates, and passes slightly into the posterior interradinm. 
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Ambulacra diverse, flush, or nearly so, the aiitorior apetaloos, 
'witli distant pairs of small round pores ; paired aiiilnilacra large, 
seniipetaloid, open distally; outer pores of pairs elongate, or 
comma-sliaped, the inner round ; beyond the petaloid portions, 
whicli are not very long, the pairs are continued as small round 
perforations in the large ambiilacral plates to the peristome, 
where the plates become low and where fairly niiiiieroiis 
pores are in peripodia ; interporiferous areas with miliaries only, 
abactiually, with primary tubercles and miliaries actinally even 
over the postero-lateral ambulacra or not. 

Iiiterradia large, with primary tubercles scattered abactinally, 
and others, more or less numerous, on tlie plates remote from the 
sutures, crcnulate and perforate, more numerous and crowded 
actinally. 

Peristome excontric in front, large, semilunar, with a large 
projecting labriiin ; membrane plated. An amphistorniim sloping 
on either side to the posterior ambulacra. Periproct supra- 
marginal, in the truncation, circular in outline, with numerous 
concentric plates. Spines variable, may be stout; and long ab- 
aetinaliy or small, always small actinally, and numerous and 
serrated, some spoon-shaped or broad at the top ; within cellular, 
Abactiiual tentacles branchial, those of the buccal region as pedi- 
cells with a globose top, and with long internal spicules. Fas- 
cioles absent, or a doubtful partial marginal. 

Fossil. Eocene (?) : Cuba. 

Mecent. Caribbean Sea. 

The species described by Eaincs from the Eocene of the 
Vicentin is a Flesiolampns. See the similar ambulacra (p. 19J]). 

M. Cottoaii has described Falceopumstes AntiUanm, 1875, 
from a probably Eocene formation in Cuba. 

II. Division P r j/ m na date s. 

The prymnadete Spatangoidea have not a true subanal fasciolo 
onelosiiig a plastron, nor are the plates of the posterior ambulacra 
moclifled as in the Prymnodosmia ; yet a linear fasciolo may pass 
beneath the periproct from a lateral or marginal or peripotalous 
fascicle in some genera: one or more of the latter fasciolas 
present. 

Genus Emiaster. 

Subgenus Tripyhs. 
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Genus Fciovina, 

Pericosmus. 

LintJiia. 

Schizaster, 

Premster. 

OrnitJiaster, 

Coraster, 

Agassizia. 

Moira^ 

Subgenus Moiropsis. 
Genus Hgpsopatagus. 


Tlie genus IIemiasfef\ Desor, lias been greatly modified of late 
years, and some proposed new genera, which are characterized by 
peculiarities in the apical system alone, bare been shown to be 
o£ no value (Ann. <fc Mag. ]!l^at. Hist. ser. 6, 1888, vol. ii. p. 329). 
Desor took no notice of the apical system in his first definition, 
but iinfortuoately restricted the genus, subsequently, to the 
species which had an etlimophract system, the madreporite being 
in the right anterior basal plate. Loveu, A. Agassiz, and Gau- 
thier have, hovvover, explained the variability of the position of 
the madreporite and of the number of basal plates and genital 
pores. The classification adopted lately by M. Pomel, M. Munier- 
Chalmas, and by M. Oottean is not consistent with the researches 
of zoologists. 

The following is the first definition of the genus Semiaster : — 

Genus Hemiastek, Desor, ISl?^ CataL Rais,, Ann d, Sci. Wat, ser. 3, 
vol. viii. p. 16, fig, in vol. vi. pi. 16, fig. 7. 

Small swollen urchins; ambulacral summit posterior; ambulacra in broad 
shallow grooves, the posterior shorter than the anterior pairs. Peripe- 
talous fasciole angular, encircling the ambulacral star ; no subanal fasciole. 
Differs from ^licraster in its more swollen shape and the fasciole. 

Desor divided the genus : — 1 type, Posterior ambulacra very 
short and barely half the length of the anterior petals. 2 type. 
Posterior ambulacra almost as long as the anterior, divergent, 
petals. 

In Desor’s Synopsis, 1858, p. 867, the following diagnosis 
occurs : — 

“ Small, squat, short tests, swollen above and at the sides, truu™ 
cated behind, a shallow anterior groove; apical system compact, 

LIHH. JOURK.— ZOOIOGY, YOU. Xmi. 15 
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■\?itli four genital pores. Ambulacra petaloid, limited, concave, 
divergent. Peristome strongly bilabiate, A peripetalous fascicle.” 

Tliis somewhat imperfect diagnosis would contain tlie Mesozoic 
species and some recent forms ; but it excludes certain species of 
Cretaceous, Tertiary, and Eecent ages, if too great a value is 
placed upon the position of the madreporite, the aumber of 
genital pores, and the existence or not of a lateral fascicle, which 
may be more or less transient. 

It is necessary to revise the genus, and to consider the evidence 
afforded by recent discoveries. It is now beyond doubt that 
some species of Hemiaster are viviparous, or rather that the 
female receives the young which have not been freely swimming 
Pliitei into her ainbiilacral petals ; that during growth the peri- 
proct is at first above a fascicle, which environs the petaloid 
parts of the ambulacra, and that as the opening becomes lower 
down and more posterior, it crosses and often divides the fesciole. 
Tims badly limited lateral and infra-aiial fascioles occur or not. 
During growth the depth of the petals, the position of the 
madreporite, and the number of genital pores varies. (See A, 
Agassiz, Eeport on ^ Challenger ’ Echini, p. 179.) 

In 1845 Philippi, in Wiegm. Archiv, p. 344, pi xi., diagnosed 
Tniiylm exeavattis, T. cavernosus, and T, cmstralis, each with 
three genital pores only. He placed TrvpyliiB as a subgeniis of 
Sioatmigiis, In 1851 Troscliel, "Wiegm. Archiv, p. 72, wrote on 
the genus ” Tripylm, and defined it as follows : — Test cordate, 
suborbicular, convex ; ambulacra deep, the anterior pair sub- 
transverse ; the dorsal polo subcentral Grenital pores three. A 
fasciole including the ambulacra. 

Troschei divided his genus into : — 

1. a line of fascicle passing under the periproct. 
The type was Tripylm {Hmnaxitus) excamtu.% Philippi. 

2. Atmpm — the infra-anal fasciole incomplete. Tripylm 
gmnd'ky Trosch. 

3. Ahatus — no infra-anal fasciole. Species Ahatm camrnosus 
and A* mcstralis. 

In 1851 Gray (Ann. & Mag. Nat. Hist, ser, 2, vol. vii. 
p. 132) diagnosed Faorim, and included 'S.chmemUi Ji antarciica^ 
and Jl cavemom. The last two species belong to the subgenus 
Tripylm of Philippi. He also noticed Tripyhs to be a genus 
which included a new species, Tripylus Philippi 

Gray in 1855, Cat. Eec. Eeh. Brit, Mus. p. 58, without noticing 
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Troschelj defined Tripylws as JSemiaster witli tlie ambulacra 
surrounded bj a very flesuous faacioie, witli a lateral fascicle 
separating from it and descending under the vent ; ovarial pores 
three or four. He remarked thiat the genus differs from Desoria 
(LintMa) and ScJiizaster in the regular cordate form and central 
vertex. He again admitted Tripyhts Gray, in the 

group, but unfortunately this species is a true ScMzcister, and 
also T, exQcimim. 

In 1878 A. Agassiz, Eevision, p. 588, placed Tripylus as a sub- 
genus of Hemiaster, noticed the peripetalous fascicle with con- 
tinuous lateral and anal fascicles ; and in the specific description 
of T, eseavatus, the only recognized species, he mentions the 
tkree huge genital openings. The deep ambulacra were neces- 
sarily remarked upon. 

The same author, however, removed the species placed in 
Miorina by Gray and mAhatus}:)j Troschel, namely cavemosus^^ 
and “ australis^'^ back again into Semiaster, and observed that he 
could not find a trace of the subanal fascicle figured by Philippi, 

In ^ Les Btudes,’ Loven, 1874i, pp. 18, 16, pi. xi. fig. 99, a draw- 
ing is given of the apical system of Ahahis Philippi, Lov§n, 
1871 {non Gray, sp.), Ofversigt af K. Vet.-Akad. Edrh. no. 8, 
p. 1070; and two genital pores are prominent features, their 
basal plates being separated by a long madreporite. On pi. xxix. 
are plans of the test of Ahatus Philippi and of the buccal and anal 
plates ; and although it is evident that Loven considers Alatas to 
be a genus, the only distinction between it and Semiaster, given, 
refers to the two genital pores and the backward projecting 
madreporite. 

A. Agassiz had the advantage of seeing Loven’ s type, and as 
during the voyage of the ^ Hassler ’ many other specimens were 
obtained, the results of their examination were published in 1874 j 
(A. Agassiz, 2ool. Eesults of the * Hassler ’ Expedition, p. 20, 
pL iv. figs. 4-8). It was shown that the number of genital pores is 
variable, as we find two or three quite indifferently ; the poste- 
rior pair of genital openings is always present ; if a third exists 
it is the right anterior one usually, but sometimes the left.” A. 
Agassiz terms this form Semiaster, and gives Ahatus as a syno- 
nym. He places Tripylus cavermsus as a Semiaster, and only 
recognizes Tripylus exmvatus, Phil. 

Mr. Edgar A. Smith (1879, Phil. Trans, Eoy. Soc. clxviii. 
p, 271) placed under Semiaster the Ahatus eavernosm, and its 
synonyms (generic) Brissm, Tripylus, JPaorina. 


15 # 
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III the Eeport on the ' ChiiUengei* ’ Echini, 1881, p, 182, A. 
Agassiz united the specicB Tripi/ltis eav^ernos'm jiiid 1\ audralis^ 
and absorbed them and Ahatus PMlipjn, Loven, in the geiuis 
Menmster; ho noticed that in a full-grown specimen of the spe- 
cies '' eavernosits ho could not find an anal fasciole. That was 
in accordance with Troschel, but in young specimens distinct 
anal fascicles joined to lateral ones existed, whilst in still larger 
tests the lateral fasciole had disappeared, the linear snbanal 
remaining (p. 177). 

The sex has mncli to do with the variation in strnctnre of the 
apical system, and the nnmhcr of pores is two or three ; the 
female which was drawn (pL xx a. fig, 19) had two genital pores 
only, the males have tliree. 

In ‘ Pourtalesia/ 188‘3, p. 72, Loven holds his ground with re- 
gard to the generic value of Abaim^ and attributes it to Troschel. 
Certainly Ahatus was a section of Tripyhis according to Troschel. 
Loven gives the synonymy of the species cavernosa's and 

australis , and it is interesting to observe that ho is alone in the 
employment of the term Ahatus, But although there may be a 
difference of opinion regarding the classiSeation employed by the 
illustrious Profes,sor, everybody must admire and bo thankful for 
the anatomy given by him of the young whatever 
its correct generic name may be, in which he indicates a fifth 
basal plate jfiaced botwT^en the posterior radial plates and bearing 
the madreporitc. Moreover, ho has shown how homogoneons a 
group the ethmopliract species of Hemiasier are, and that to 
introduce the others within the same category wmuld violate 
the simplicity of the genus as established by Desor. But it 
must bo conceded tiiat Lovmi’s teaching infers evolution of the 
ethmolysian from the eth!no[)]iract ^hailyxf ’ and if tlio modern 
species of Memiaster of the first group are the do^sccmdaiitB of 
the aiudent ethinophracts, surely it is a reason for proserviiig 
the genus with necessary modifications. 

After what has been wndtteii, it appears necessary to absoidj 
Ahiins in Tripplrntx,^ a subgenus of IlemiaslGr, The attempt to 
divide the gm.m Ilemiaster by grouping the species with four basal 
plates, each perforated, and having the madreporite separating the 
postero-lateral basals, under the genus Trach/aster, Pomel, will 
fail amongst the students of the recent fauna. The distinction 
is specific, and the so-called genus lapses. Bitremaster o£ M- 
Mnnier-Chalmas, (1885, Compt. Eendr Acad, Sci. 2 semestre, 
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p. 1076), quoted by M. Cotteaii in Pal. Pran^. (1887, Terr. 
Eocene, p. 411), is the same thing* as Abatus, seiisii LoTen, and 
is synonymous mitli Tnp^hfs (see Dimcau & Skden, 1888, Ann, 
& Mag. Mat. Hist, ii, p. 333). The history of the species caver- 
nosns^ should have been studied by the distinguished Erench 
Echinodennatists. Ditremasier is of no classificatory value. 
It appears to be reasonable, under the circumstances, to add 
to and alter slightly the Desorian diagnosis of Hemicister, and 
to divide the genus into two typoes in reference to the position 
of the madreporite, the number of genital pores depending 
much upon the position of that upper end of the water-system. 
Einally Tripylns^ with its persistent or evanescent latero-anal 
fascicle, may remain as a suhgenus which will include Abatti^s^ 
and it will come wdtliin the second division of the genus. I have 
found that Mr. Bone, who was Hr. Wright’s artist, was correct 
in drawing a p'eripetalous fasciole in Epicmter Be LorioliB 
Wright. The species was placed in Hemiaster by Hr. S. P. 
Woodward ; and therefore there is a large IIicrasier-\i\iQ Semi- 
aster in the Upper Greensand with a delicate peripetalous fasciole, 
and this is the sole distinction from Epiaster. 

Genus Hemiaster, Beso}\ 1847, Cat Bais*^ Ann. d. Set Sat. 
vol. viii. p. 16 ; 1858, Synopsis, p. 367. A. Apassiz^ 1872-74, 

585 ; ^SassIeA EcJmii,]). 20; 1881, ^Challenges 
Echini^ p. 177, pi. sx a. E. A. Smith, 1879, BML Tracts. 
Boyal Soc. vol. clxviii. p. 271. Loven, Etudes, 1874, pis. si. & 
xxix. ; 1883, Bonrtalesia, p. 72. Gauthier, 1887, Assoc. 
Frang. Sci. p. 406. Eimcan ^ Slaclen, 1SS8, Amt, 4' Mag, 
Nat. Hist. ser. 6, voL ii. p. 329. Be Loriol, 1888, Eaime 
Cret. du Foriiig., Ech. vol. ii. fa sc. 2, p. 98. 

Syu. Trachgaster, Foniel; Abatus Jjovm) ; Leucasier, 

Gauthier, 1887 ; Perionasfer, Gauihier, 1887 ; Bitreinasier, Mu- 
iiiemClialmas, 1885 ; Opissaster, Poiml (pars). 

Test moderate and rarely large, cordiforui in tumid marginal 
outline, with a more or less well-defined anterior groove, 
narrowest and truncated posteriorly, undulating or gibbose at 
the sides, short or longer than broad, highest subceiitrallj or 
posteriorly to the true centre, varying in height, tumid in the 
interradia dorsally, often keeled posteriorly to the vertex. 
Actinal surface swollen heliind the peristome. 

Apical system siibcentral, with two to four basal plates, rarely 
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a fifth hasal, two, three, or all perforated by ducts ; the niadre- 
porite in the right anterior basal or extending centrally and more 
or less posteriorly, separating the postcro-lateral basal plates and 
sometimes the posterior radial plates also. 

Ambulacra diverse, the anterior in the groove; the pores 
oblique, in pairs on either side, plates numerous and low ; aiiteim- 
lateral ambulacra petaloid dorsally, sunken, more or less tending 
to close, diverging ; the postero-lateral ambulacra with shorter 
petals than tlie antero-lateral or subeqiial, not so divergent ; the 
pores of the petaloid parts of both of the ambulacra subequal, 
sometimes diverse, usually in narrow grooves, the outer pores 
usually the larger, elongate ; actinally the posterior ambulacra 
are broad on either side of the tumid sternum, the pores beyond 
the petals distant hut in pairs. 

Interradia narrow at the apex and also at the peristome, with 
but few plates, many tumid; a small labrum anterior to an 
amphisternum ; the epistenium not developed ; the plates below 
the periproct subequal. Normal heteronomy of right posterior 
interradium by union of the second and third plates of zone a. 
Peristome excentric in front, transverse, open, semi-lunar, with 
a posterior iabruin and often with raised antero-lateral edges. 
Periproct ovoid or elliptical, long vertically, high in the posterior 
truncation. Ornamentation small, a few primary tubercles per- 
forate and crenulate, closest and largest actinally near the 
margin and on the sternum; miliaries abundant. 

A peripetalous faseiole encircling the petaloid parts of the 
ambulacra, crossing the anterior groove and the keel behind the 
vertex, angular or subcircular, variable in its entry between the 
petals. Large disciferous tentacles within the faseiole on the 
anterior ambulacrum, others more or less branchial on the 
petals. Spines small, largest actinally and at the edges of tlie 
petals, which they may cover over. Depth of ambulacral petals 
variable according to age and sex, used as marsupia in the females. 

Type I. MkmopJiractL — With four perforated basal plates, the 
madreporite in the right anterior basal plate and not 
separating the other basal plates. 

Type II. MthnolyBii. — Two or three, rarely four, basal plates 
with genital ducts ; the madreporite passing centrally and 
posteriorly, separating the postero-lateral basal plates and 
in some the posterior radial plates also. 
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Leiieaster^ Gaiitliier, 1887, Bull. Soe. d. Sci. Hisfc. et Hat. de 
rYoiine, vol. 41 e (pub. 1888), p. 380, is a Hemimter witli very 
small pores in. the anterior zone of the antero-lateral ambulacra 
near the apex. 

Perionastef\ Gauthier, 1887, ibid, p. 389. The type is a very- 
small immature Semiaster, with a remarkably developed peri- 
petalous fascicle, see H. ex^ergitm^ Loven. 

Type I. — Fossil. Cretaceous: England, Europe, H. Africa, 
Arabia, BQndostan, N. and S. ; H. America ? 

Becent. E. Atlantic; "W. of Spain; Caribbean Is., 464-485 
fms. ; Bahia ; Canaries, 620-750 fms. ; Japan; Arafura Sea, 345- 
800 fms. 

Type II. — Fossil, Tertiary : England, Europe, W. Indies, H. 
Africa, Egypt, Asia, Sind; Australia?; Java, H. America. 

Beoent, S. Hemisphere, Patagonia, Chili, Magellan, La Plata 
coast, Kerguelen, Heard Is., Staten Land, South Polar Seas. 

Subgenus Tkipylus, Fhilippl, 1845 ; Troscliel^ 1851 (genus), divi- 
sion Hamaxitus, Wiegm, Arch, 1851, p. 72. 

Syn. Ahatiis, Troschel. 

Hemiasters with two genital pores in the female and three in 
the male, the apical system Ethmolysian, may have a fifth basal ; 
peripetalous fasciole (around petaioid ambulacra deeply sunken 
in the female) ; a slender latero-anal fasciole, which may be in- 
complete. Type T, escavatus, Phil. 

Becent : Patagonia and Chili. 

Genus Paoei^ta, Grag^ 1851, Ann, ^ Mag. Mat, Sist. vol. vii, 
p. 132 ; 1855, Gat. Bee, Fch, Brit, Mws, pt. i. p. 56 (pars), 
A, Agassiz.^ 1872-74, BecisioUj pp, 129, 607, Locen, 1874, 
Mudes, pL xxvii. 

Test moderate in size, broadly cordiforin in outline, grooved in 
front, narrower and truncated posteriorly, ingh and siibeoiiical. 
The vertex is central. 

Apical system excentric in front, with four basal plates, two 
of which, or sometimes three, are perforated ; madreporite pro- 
jecting backwards. 

Ambulacra dissimilar, the anterior in the groove with minute 
pairs of pores abactiiialiy, and larger and more distinct actinally ; 
the an tero -lateral straight, sunken, divergent, open distally, the 
pairs of pores indistinct near the apex and elsewhere large and 
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regular; tlio zorie« are nearly parallel; i,ntcrporireroii 8 area 
smaller tlian, the poriferouK zones ; the postcro-latoi’al straight, 
Bimhcig open, shortor where petaloid tlijui the lyiterjHlati^ral and 
not so divergent, pores as in the other {)air. 

’PersstoHio excanitric in froni', slightly seinihinar, hut narrow 
iiroin before, bsickwards and generally small ; a. broad 'posterior 
lahriiin. A narrow anipluts'teriiuin, 1)ounded hy broad aaiihiihicral 
art'Jis. The convex actinal snrfaec with small interradial plates, 
the right posterior interradiiuii with abnormal (or aau‘ieni/) liete- 
ronomy, the second plaiea «)]* zones a a, ml h iiniiing. Feri|)roct 
ellipticaJ at the upper pail; of tlu^ posterior I riiiica,! iom 
A pcripetalous fascioie following llic gemma! outline of ilu." test, 
a;nd the aniiMuor pa,rt ol* it double and with or witliout otlshooi-s. 
A very slciulor linear infra, -anal (ascioli^ exi.ending from bi'low the 
periproet to tlic ambitus lua-rr the a.inl)ula,(*ra, Horizontal sidnres 
oiten. bare. A.inh'ulacra hare on tuldier side of a, tii})cfciilal:o 
storn'iim ; tubercles uni'forn'i from the aml>ltiis to the pm’ipetaloim 
fiiBCiole, larger above it and adjoining the petals, 

Meeent. Glvina, One species, Id (Unenm^ Gray. 

The siil'janal brancdi is not snOlcient t'O modify the posterior 
ambulacral plates, and does not bound a plastron. 

Genus PERicosAfUs, Arj(mw, 3,8d7 (subgenns), (Mai Eak.j 
Ann. (I Sd, JSrtf. ser. 3, 'vol. viii. p. ID. Iladiiok, 185';b Jhrni 
JMi, ])t. 4, |}, lO. Ihmr, 1S58, ^Sj/uopdi>\ [). 3DG. J&Ch//, 
1882, 'Frcnlr. Pal. VicL deu*. vii, pp. 15--21, pis. Gl-dlS, 
Dimamt^ 1887, (ihiarl. Joant. Gaol 8V>r, V()l. xHii. '|). 123. 
Ti‘Ht mmlorah^ to very large in size, 'Ihiclv, snhcordiforin, elon- 
gate or short, tumid, jvml <lepress(‘d (Iorsa,lly, with a wGl-inarkial 
anterior groove^, and more or less lruiical,ed posierioily. 

Apical sysic^ni, sulKmuti'al, <‘oinpa(d! and sntuil; tinmlun’ of 
genital portm va:riai)ie. 

Amlmhicra. diverse, tin? a-uhn'icir in tin,? groovi,? with small pairs 
of pores; tlu) nniero-hiteral divingnnt, long, sunken, tht? posim 
rior shorter and closer, pores uiiei|nah 
Periproet im-gv?, ex,<'('„nlric in , froni;, lal>ial,(a Pi‘ri|)na.?t ovah 
upo,n '1,11,0 posterior surface. Oruameni.ation smalL 
A poripctah,)'UB iasciolo cireumseribing ilu,? petaioid parts of iho 
ambukcra, and a marginal fascioie passing all .round the tosG 
' BometimoB slightly disconncetecl 
''lfossiiyi)imT Cre'fcaco(ms (P). Hoconot Europe, N. Africa 
Java*' Miocene ; Australia. 
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M. Ooticjvii, Ecli. Foss, do rA,lj];-6rio, ISSo, fuse. 0, p. G8, men- 
tions iliat M. Pomcl i*.onsidcrs that .P, Niaaisei^ has an 

apica.! sysiem like hid lhai lio finds throe gc'iiital pores^ 

He si;atcs iliai the greater number of species have only two genital 
pores. This is "but one of the many proofs tliat the iitimhor 
of genital pores in a si)ceics is not a guide to its generic position. 

Agassiz regarded as Ins tliircl divisioii 

G-(nriis Lintuia., Merlan, 1858, Mote sur les Eeh., Aetes Soe, 
Ilelv, p, 278. l)e.m% 1853, Synopsis, p. 895. A. Agassiz, 
1872-71, Eevismi, pp. 188, CGI ; 1881, Bcporl on ^ CM- 
Unger Ecli, pp. 199, 204. Loren, 1874, Etiules,]}], xxviii. 
jE. a. Smith, 1878, Ann. Mag. Mat. Hist. sor. 5, vol. i. p. 67. 
Goiteau, 1887, Btdl. Soc. ZooL Erance, vol. xii. p. 556. 

Syn. Besoria, Gray, 1851 ; Leri aster, d’Orb., 1854. 

Test variable, small to large, oval or corcliform, grooved ante- 
riorly, subaeuininate or truncated posteriorly, tumid and gihboso 
dorsally, almost flat aciinally. 

Apical system smaT}, ex(,*entric iu front; four perforated basal 
plates ; tlio inadrc[)oritc separating the posterior basal ])latcs and 
also tlio postorior radial plates. 

Ambulacra diverse ; the anteiioi* in the broad groove, the 
pores round and small ; the antei‘o-lateral loiig, with the petal oid 
parts in grooves, moderately long, divergent, ])airs of pores 
equal or svib(‘qual, neaidy closing disially ; postero-latoral ambu- 
lacra] petals also in sunken grooves, less divergent and sliorter 
than the others. Ambulacra forming the greater part of tlie 
peristomial margins, and moderately broad on cither side of the 
ateriium. 

J?eristome exce-utrie in front, semilunar, with a w(3l]-dcYeloped 
posterior labrunu An am})histe!‘jrin.n ; the second plates of both 
of tlie zones of the riglit postinaor atnhulacriini lUiitcHl, so as to 
produce ancient hoteronomy. Periproct at the upper part of the 
posterior tnuicat iou- 

A, peripetalouB iliBciole entering tlie iiiterradia, a lateral 
fasciolo starting from the jieripoialons close to the aiiteru-lateral 
ambulacra and passing beneath the periproct. Tubercles crowded , 
largest actinally, usually crenulate and perforate, and either on 
flat or in sunken scrobieules. 

Fossil. Cretaceous : Europe, Africa, N. America. Tertiary : 
Europe, Africa, 'W. Sind, W. Indies. 
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Tlie S. Hindostaii Cretaceous Bpecies are now placed nmhTMem.i- 
aster by Stoliczka. Feriaster^ (FOrb., covers the hjiido ^c^roioid as 
Lintliia] but see A., Agass., 1883, lleport on, ‘ l'lc*hijii^ p. 77. 

Beeent.ti^ Desoria^ Clray, 1851 & 1854, Oak.ltec. McIl llrii. M ns. 
{). 58 ; and Fariastery A , Agjiss. sp., 3 H83, * .Bla.kc'. ' i iii, p. 77 - 
Australia, Tasmania^, Pacific Islmids (?) ; Arafura H(‘a, W'. Jjidiey. 

Genus Scieizastee, A^asshy 1847j CaiaL B{tu\y Ann, d, SaL Mai, 
voL viii. ser. 3, p. 20. .Besofy 1858, Si/nojisd^ p, 389. A. 

1S72-4, Fevision^ pp. 303, (»09 ; lS8i, Ilepori on, 
^ 'Ohalhmf/er^ M(d, p. 391); 1883, ^ BlakA Eeh. p. 74. Lovkiy 
1874, EkuIeSy ])L xxxi. 

Syn. Opissmter^ Poinol (pars) ; Fenastefy seiisu A.. Agass. 

Test tliiii, small to largo, tall to depressed, eor(lifo.rm in tumid 
marginal outline, sloping np to tlie poBteriorly cMcentiuc apical 
system; liigliest belund and truncated or acuminate “posteriorly, 
may project tliere, sligldly tumid aclinally, witli abroad and deep 
anterior groove, wbich marks the dorsum. 

The apical system moderate in size, witli two, throe, or four 
basal plates perforatocl, and the madreporite extending cen- 
trally and posteriorly, and separating the posteiioi* basal and 
radial plates. 

Ambulacra diverse, tlie anterior in the groove and witli close 
oblique pores in pairs, either in a single row on citlicr side or 
conftised and crowaled : paii'cd ambulacra jietaloid, much sunken ; 
the anterior flcxiiouB, longest, only slightly divergent and extend- 
ing forwards; the posterior smaller ami closer, oiten vtwf Hinall ; 
the porifmnus zones broad and closing dislally. T!io amimi.a.- 
oral areas on either side of tlu^ long stcwmun narrow, 'riuo 
interradia are more or hm gilibose iunl broad, and itn^ Hi'c,oiHl 
and third plates of muo a of ilu^ right posterior area jiiarfiisejl 
aeiinally. 

rerisiomo excenirie in, front, semilunar, wilh a projcH'ling 
posterior hibrum and a large amphisiornum. !h;rlfnmei in ttie 
p 08 teri or truncatioii . 

Ornamentation cIobc and homogemeous, largest ard/inally and 
anteriorly. Bpiiies sliort, slightly curved abacliruilly, mid club- 
shaped at the end, larger and longer aetiimlly, a tuft over the 
anal system, and two lateral tuftH, rather closes at the c^nd of 
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the actirial plastron. Fasciolcs : a peripetalons, and iisTially 
a lateral, which diverges from the former near the ends of the 
an tero -lateral petals and passes beneath the poriproct* 

MssU. Tertiary : England, Europe, India, Australia, West 
Indies, N. America, F. Africa. 

liecent* F.E. Atlantic coast, Florida, West Indies, S. America, 
Cape of Good Hope, Mediterranean, Eed Sea, I'ndian Islands, 
Japan, Philippines, China, Arafura Sea, Fiji, Marion and Ker- 
guelen Islands (37-1507 fins.). 

The synonymy of this genus is given by A. Agassiz in his 
‘'Bevisiond Unfortunately /S', gibleruliis has been placed in 
Agasskia by M. Cotteau, and subsequently in Anisasier, PomeL 
Apparently the genus Faraster, Pomel, is a synonym. 

Genus Peekastee, Fesor, 1853, Ifote mr les EcL^ Act. de la 
Bog. Ilelv. d. Bei. Nat. p. 279 ; 1858, Sgnojpds, p. 401. 
Fimcan ^ Bladen., Pal. Ind. ser. xiv., Foss. Fch. W. Sind^ 
pt. ii. p. 90, pL xix. 

Test small or moderate in size, ovoid in marginal outline, 
rounded in front and truncated posteriorly, tumid and depressed 
dorsally, but rattier boldly arched, convex behind the peristome 
jactinally. There is no anterior groove. 

Apical system very excentric in front, small, with four perfo- 
rated basal plates, and the madreporite pasKsing backwards and 
separating the posterior basal and radial plates. 

Ambulacra diverse, the anterior flush, with pairs of small 
oblique pores ; the paired ambulacra in very faint grooves, not 
closing, Bubpetaloid, almost straight; the <auterior the longest and 
very divergent ; some slight difiereuee may exist between the 
dimensions of the anterior and posterior rows of pairs of pores in 
the antoro-laterai ambulacra. 

Peristome excentric in front, with a strong labrum, Periproct 
at the top of the posterior truncation. 

Tubercles small to moderate, scrobiculate, perforate and crenu- 
late, largest actinaily. 

A peripetalous fasdole wanting anteriorly, not extending 
beyond the point of junction with the marginal fascicle. A 
marginal fascicle surrounding the test, dipping down in front, and 
passing below the periproct behind. 

Fossil Eocene; Europe, Asia (W. Bind), N. Africa. 
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GciiiiB OiOTiTiCAS'rKEj Cotiemh ,1880, /v?/^ on pm 
Ihil'L Soe. ZooL (fe Frtt/im, vol. ni. |>. Till 

ia i hio-kj slij^'hily liinui! 

jh'kI rauiidoil In rrt)!d, an,l.>i riiins'ilrd br'liinil, iiiau’ 

(lie posttn’iof siirfact‘j b.i'tKi<lc'r than Nn a,ni(,‘i‘io!* /.p’nnvi'. 

ilpieal wyyiein oxocniria i?i .I'ront.', .snbnofnpapl, wiib fnaj* 
gen it a’! pores. 

Auibnhiera dissimilarj a],l .(hislo narrow, ainl (Uilarging sllgliily 
to the {-ynljitius ; ihe .-interior wiiJiouf: n gr<,>ov(g wiili sinqik^ |nu*rK 
of pores arraugeti 'inore or less ol'diqucly. [lairi'd noilnslaera 

slightly siibpetaliHd, open ; the itnier poia-s einailar aiinl th(' outer 
eoiriirui-sh}i|Hal ; pairs eiose al)iu*tinnl!,y juuldistant {it iihe aiubitus. 
lutcrj’adinl ornaineniati<.’n of iiuuHToim siuall K(‘robicula,te, 
tubercles most iVetpieut actinaliy am,! nuicfi grarmlalion. 

Peristome railier large, aiibcircubir, sii,perrteia,l, sligiitly ex:- 
contrie in .front, xvitlioiit a- tjxice of labruin or pbyllodcxs. Peri,- 
prod; dreular, at tbo siuninit of the ])osierio,r truniaitioii, 

A poripotaloiis fasdole 'well, developed, nut bIuhoiw, a[)prc)a.cli- 
ing tlio periproct, l3ut a.iiteri(i,rly and superiorly, and crossiiig the 
aiiibulacra aboxm tlie au\bituB and sloping in Iront so as to be at 
a miicli lower level tliere than postcrio,rly. 

JfossiL Eoeciio ; Europe (Spain). 

M. Gottcau, piaeos tlie genus near Ooraskr^ Gottca,ii. 

Genus Cora.stki?, Ooiimu^ 1880, Ball tSoc. Zool, de France^ 
vol. xi. j), 708. fSmneH^ 1888, dlfflL Soe. (F:oL de Mrmce^ 
ser. 8, vtd. xvi, p. SOL 

Tost small, (hide, eirciilar in marginal oufJim\ subtrinuMbMl 
pOHteriorly, rc^gnlarly tiiniid :unl fiigli dinsuily, A very small 
a 11 Is, nd Of furrow. 

Apieal system su!H'o,mpa4d', wild four I.Kisa.l pla.Ixrs :um! wiili a 
pore?a,ndtlu‘ matlreporif'c uot t''eparaling the poslerodateral plates. 

Antlmlaera diMsimilar, Hush, stralglit, mirrow, enlarging wills, 
appi’oaxdi ambitus; the anLu*ior with minute slisdiuti |,suira 

of ponss ; the pjiired ambuhnuu with ihe inmsr row of jnsres 
cifculur, Jind. this outer eomnuirHbaped aaid (tbliipu'. 

dh,i.l)m.Tles abumhiiit, small, scrolsiculul.e, and with liomogesu,!ouH 
miliaries. 

Peristome very exmdrie in fi-oni, slightly sunk c, ns, mi I, mi rem far, 
aiiciwitb a posterior labrum whieb projeeis. .Periproct ('irouiar, 
at the top of the poBterior tnmcatiuiu 
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Fasciole poripetalouB, well developed, subcircular, sloping 
downwards and forwards, cutting across the aoibiilaem tar above 
ilu!^ ainbitus, iioarlj circular but sllglitly angular i:ii tlie postoro- 
lateral iiit'cmidia. Pores below tlie fasciole circular and similar. 

Fossil Upper Cretaceous or Eocene : Europe (Spain, Prance) ; 
Asia (Turkestan). 

Genus Aoasbizia, Valenciennes, 1840, Voj/. cL Venus^ pL i. fig. 2. 
A^assiz^ 1847, Ann, d, Sci, Wat, voL viii. p. 20. Lilticen, 
1803 (pub. 1S04), Vid, 3£edd, f. Wai, For, i Kjoh, p. 134. 
A. Ar/assiz^ 1872-4, Beuision^ pp. 88, 353, 594 ; 1883, 

^ Blake ^ Fch. p. 71, pL 25. Loven, 1874, Eludes, pL xxx, 
figs. 101-193 ; 1883, Fourialesia, pL x. fig*. 93. 

Test thin, ovoid, moderate in size, truncated posteriori}’', tumid 
and siiblicmispherical dorsallj, higliest posteriorlj, without an 
anterior groove, rather flat actinally, with a convex surface 
behind tlie peristome. 

A.|)ieal systc^iu cxcentri(^ or subcentral posteriorly, or not ; 
small, with four close ])erforated basal plates. Madreporitc in 
the right anterior basal. 

Ambulacra diverse, tlie anterior in. a very narrow depression ; the 
I'lairs of pores small and distanii, the tentaedos witli a sucker and 
penicillato ; the ante rod. ateral ambulacra diver'gcut, long, open, 
slightly cur veil, witli the antindor row of pairs of pores absent;^ 
postoro-lateral slioi’id* than tlie antero-lateral, closer, and with 
both rows of pairs of ])ores developed. Plates 2 and 3 of zone a 
of the right posterior iniorradiam fused. 

Ikmistoiuo very exectitric? in front, narrow, 
posterior lab rum and a well-dcvelo[)ed ampliisterniifn ; peri- 
stoiiiial plaio.s rather largo ncair the anterior margin. Periproct 
elliptical, transverse, in the posterior tnincatiou, its [ilates large 
near tluj edge. 

A |)eri])eia]()iiB fasciole entering the angles of the interradia, 
especially posteriorly. A lateral fasciole arising from the peri- 
petaloiis close to the diKstal ends of the an! ero lateral ambulacra 
and passijig backwards to reach the posterior surface of tlie test 
below the periproet. The anterior part of the |)eri petal ous 
fasciole dips down so as to bo visible from the actinal surface. 

Spines delicate, and those of the niiliaries club-shaped. Ambii- 
laeral pedicellari® small-headed, long-stemmed, articulated at 
the base. Tentacles, some of the anterior near the apical system 
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fiiiibriated like tlic biuxtal, oikers <;liMoifkron.8 ; wililviii tlio pidals 
tke teiitadcK siro broad, (?onipi*e8s(H], lolx'tl, boyoiid siioph^ ; biioral 
tciitaelea pe<liccllate. Aiud [daluH oftiMi less i,|ia,ri eights 

iimi |)Toje(!l;ii3g. 

Foml. dk'rdary ; N. Atncri(?a, West Iiidii^s. 

Memtl, Elorida, (:lulf“sir{‘a}u, Oariijbean IskiiulH, Pvni, IkiiiaiiiDs 
Qull' of California,, SCb-'HOI iins, 

Af/(a\nzia Colt,, is a. Fqhsm^ etdaml^ it is a Be'hizmUr. 

Genim Mx),niA,, A* A.(j(mlz^ 1872, RedAou of ihe .Eeliim^ ]). 805, 

vSy,!!. IfocTd^ Micbclin, 1855 ; Lrii*kcn, 1.8G8 (jnib. ISOI), Vid* 
Medd. f. ;Na,i;. Eor. i KJld), p. 128. 

TchI infHbn’ately high, thin, iiunid abaetiiially and rojindctl 
from 8i(hj to yido aelimilljn 

Apical Bystoin Bi„ibceiitral, with two of iko biwalw |'K'rf(,>:ratcd 
for goirital duetB. 

Ambulacra rcHcniblo :n.an‘ow and deep slita Htartit,!^ from tlH3 
stimmit ; tlie anterior iiotebcB tlio front of tlic test and the 
groove is continued to ike poristorao. Coronal plates tumid, 
except near the BiitiireB. 

Peristome exeontric in front, semilunar, and with, a projecting 
posterior lip. Periproct on the truncated posterior surface. 

A poripetalous fasciole clings to tbo very edges of the diavp 
ambiilacral grooves. A latcro-anal fasciole. TubcreIcKs sirialL 
The anterior aanbulaeruni is sometimes divided, and all the ambu- 
lacra form broad projections ou the inside of the test. 

FomL Mioc(.n,ie: Bind. Post-Pliocene: S. Carolina. 

lieimit .Kcd Boa, Zanzibar, W(‘st Indies to N. Cari,)Iiua, Cali- 
fornia., GO fm'H. 

SubgenuH ]VI,oim),3»siH, yi. Bopad (Ihalhmgep ’ EoMih 

p. 205, pL xxxvi. ilgs. ■1-7 (1881 ). 

Tent Ivigh, cordate, ihe In’gli incurvijd posterior a urfaxa'i exkmdiug 
infcriorly into a backwartl, pr(nn!iKviitaud'W'cd!alevclotual 

A-utorior ambulacrum Hljorter than tbo aniero-laiifn’a! ami 
longer than the very shemt posterior airlbulacra; ail are ptd,4doid. 
The anterior ambulacnun is the broa<h^st and the posic^ro-lalmvil 
are very small Tlio anterior ambulacrum lias a petaloid end 
which is in the sballow anterior groove. 

The peripotaloiis fascicle is small, and the laterouwial is well 
developed and passes from the poripctalous fasciole, about half- 
way down the antero-lateral petal, and crosses the side of the teat 
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oblicjiiely so as to pass over the posterior face at some distance 
below the top of the test and the periproct. 

Bexent. Indian Archipelago, 129 fms. 

The siibgeneric character is the shape and relative size of the 
anterior ambulacrum. 

G-eiiiis ITvpsopatagits, Bomel^ 1883, Theses, p. 31. {Slightly 
enlarged.) 

Sjii. Maoropneustes, Agass. (pars). 

Test moderate and large, tumid in ovoid outline, depressed and 
tumid dorsally, rostrated posteriorly and truncated. 

Apical system subcentral, or slightly escentric in front. 

Anterior ambulacrum in a slight groove^ pores simple. Paired 
ambulacra either long and grooved, or shorter and broad and 
semi-flush ; the poriferous zones slightly sunken, and the inter- 
poriferous areas ornamented and tumid. 

Peristome excentric in front, semilunar, transverse. Periproct 
in the posterior truncation. A peripetalous fascicle including 
scarce or moderately close primary tubercles. 

Fossil. Eocene: Europe aud Africa and Asia. Miocene*. N. 
Africa. 

M. Poinel cites as the types II. Menegliinii and K. Ammon, 
and the Sindian species of Macropneustes become Mgpsopatagim 
spedosus, l)unc. & Sladen, II . rotundus, Dune, & Siaden. 

III. Division B rgmno desmia* 

Spatangoidea with a subanal fascicle, and the plates of the 
postero-lateral ambulacra within the fascicle modified, and their 
pores also. Other fascioles may exist. 

Genus Micraster. 

Subgenus Brissopnemtes, 

Gemis Brissm. 

Subgenus Meoma. 

Genus Spatangomorpha, 

Troschelia. 

Metalia. 

Rhinohrissus. 

Brissopsis. 

Subgenus Cadaster, 

Genus Brissopatagus. 

Spatangus, 

Subgenus Loncophorus. 
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Genus Blaretia, 

Bnpatuyus, 

Subj^emis Macropmmstea, 

G cniis Nacospatangiis. 

GimUieria, 

Linopneiistes, 

Neopneustes. 

Cionohrissns. 

Echmocardium. 

Breynia. 

Lovenia, 

G'C 3 rni 8 Miorahtku,, ISiO, Oat, Sj/hI. p. 2; 18‘li7, Grtt 

Ann, th Bel, Wat, ,s6j‘. o, vn)!. viii. p. 28. I)eH 0 t\ Sj/nopalH, 
1858, |). 800. Loeai^ 1874, Kl?i(Ie>s\ pis. xi., xx.xiii. Dancan 
if Bladen, LS81, Fosa, .Ec/i, fV. Biml^ 'pi. iii. p. ISO, pL 
xxxvii. {P(iL Irul xlv.). GaulMci^ 1887, Ball, Boe, (L 
Bel IBkt. et Wat de VYomuh vol. 41 (pul). 1888), p. 307, 

Test inotlerate or large, cordiform, luirrowoBt aiul tniucatod 
posteriorly, tumid, rather depressed. 

Apical system exceiitric in front, small, witli four perforated 
basal plates, rarely witli only three perforations ; the madroporitt.i! 
either 3:*estricied, to the right anterior basal, or passing hejoiid 
it and soparatiiig the postero-lateral basal plates. (The Tertiary 
spceica have only three genital perforations.) 

A.mbiilaci’a diverse, sunken ; the anterior apetaloid, with the 
small pairs of pores becoming distant towards the ambitus; the 
an I ero- lateral amimhicra snbpctaloid clorsally, diverging, longer 
in tlu^ Bubpetaloid part than the postero-lateral ; postero-laii^rai 
am'biihicra Ibrining a slight angle at the apex; pores of both artais 
elongate, 

Intorradia 'with large plalies; actinally the right postairodatcrjil 
area has tlic seeiond and third platcjs of: zjono a coalesetal, tlio cor- 
rewpoiidliig plates ol; ih,e left postoro-laterid (4) inlAU'radium bid rig 
separate, A syiinnclirical ainphisteniam, but without an ojii- 
stcrmini ; many jilates between the storimin and tlm periproet, 
which is oval and high up in the truncated or grooved posterior 
face, and sometimes overliung by the end o,f the keel oi: the 
posterior into midi, urn. Bubaual fimeiole broad ; the sixth amim- 
lacral plate and four others being altered in shajie, and eac!:i 
having a pair of pores within the fasciolo. 
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Peristome excentric in fi’oiit, transversely elliptical, with a 
siBall posferior projecting labrum. 

(Jniamciitatioii of very small raised perforate and creniilate 
tubercles abactiiially, witli numerous small granules wliicli are 
very marked in the anterior groove; tubercles larger, sunken 
and suiToimded by granules actiually, and crowded in lines on 
tlie post-oral region. 

MssiL Cretaceous : England, Europe, Africa, S. Hindostan. 
Eocene: Asia (Sind). Miocene: Australia. 

Loven has pointed out that the episterniun is not developed 
in this genus, which is nevertlieiess amphisteriious, the arrange- 
ment foreshadowing that of the later Spat an golds. The forms 
included in the genus have an Ellimophract apical system, tlie 
fifth basal plate being absent, and the madreporite sometimes 
slightly separates the postcro-laieral basals. There are some 
plates of the bivium between the petaloid part and the snbanal 
fasciola Avliich are iiiiiporous ; but all the ])lates of the trivium 
are biporoiis. Tlie petaloid arrangement is rather imperfect, the 
distal ends not absolutely closing; usually the grooves between 
tlie plates of tlie ambulacra, except the anterior, are very distinct. 

Siibgeirus Brissopneustes, GoHeem, 1886 (genus). Bull iSoc , 
ZooL de .Franca, voL xi. p. 712, pi. xxiii. figs. 9“12. 

Test small, oval, ovoid, elongate, narrowest and truncated poste- 
riorly, tumid dorsally and slightly actiually. 

Apical system excentric in front, small ; four basal plates in 
contact and three are perforated. The madreporite in the right 
anterior imperforate basal plate. The anterior poriferous zone 
of the antcro-lateral ambulacra smaller than the posterior zone. 

Fosi^iL Eocene: Eiirojic. 

In dealing with the afiinities of this somewhat doubtful genus, 
M, Cotteaii compared it with Isopneuntes, Pomol, ISSJi, Theses, 
p. 43, a genus (?) which, was defined in relation to Micraster, and 
has pas de fasciole peripetalo, ni probablcment de sous-anal.’’ 

M. 8ennos, 188S, Bull. Soc. Q-eoL do Eraiice, vol. xvi. p. 793, 
states that there is a partial peripotalous fasciole in IsojmemUs^ 
and hence the genus has not been sufficiently diagnosed. 

Genus Bnissus, Klein, 1734, Nal Blsp. Fek p. 36. 0-rm/, 1825, 

Ann. Phil. p. 9. Agassiz ^ J)esor, 1817, Oat. Bads., Ann. d. 

Lira. JOUEN.— ZOOLOnX, YOL. xxtii. 16 
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S(d. Wat. scr. 3, vol. viii. p. 12. IJam\ 1S58, 
p. 403. y'L A(/assi; 2 , IS72, Mrra'sion, pp. IK?, Aoil, 500, JJolatf, 
1872, Spatang, (L llanih. Mm. p. 1 L. Love a, iS71', AIuaIch^ 
4:-),' 122 ’ 123, 202-20L (Amended) 

%n. Brmoniorpha, Ltuil)c ; RelawhrLms^ Mjuiz. & Mazz. 
Ti\si; moderate and largo, ovoid in tumid inarginal euliliiio ami 
narrowest ]30steriorly, regularly convex but depn^fc^Bcd dorsally, 
tumid and convex actinally, except in front of ibe peristome, 
truncated oblifjuel}^ downwards a.nd forwards at tbo postcrioi* 
Burfaec below the ambitus, or siiraigbt ; no anterior groove be- 
yond some slight local depression. 

A|3ieal system cxcenlric in fVoiri', ilie fojir basaJ platcss pe:rfor- 
atod, and tln^ madreporiio extending irom tlie right ant(\rior basal, 
centrally, and thciico posteriorly so as to s(‘paratc the postero- 
lateral basal and radial plates. 

Ambulaera diverse, the anterior flusli or in a very aliglit de- 
pression ; the pairs of porcis small and closest abaciinally ; autero- 
lateral ambulacra veny divergeui;, nearly forming a straight 
transverse litug in grooves of varying depth, the petaloid parts 
shorter ilian the coi'rcspondiag parts of the posterolateral am- 
bulaera, which are comparatively close together; the pores of 
the iiinor r«)vvs of a I'ourui or slightly elongate shape, and lihoso of 
the outer rows elongate ; petals with narrow interporifw'ous a.r<‘as 
and the pairs tending to close, the distal ends of the postero- 
lateral pelsvls diverging outwards or not. Aetioally tlie postero- 
lateral aanbulacra arc very narrow and long, with few single 
pores, more iuiinerous at tlie peristome. 

Intorradia large atdinally, with vmy large hccoihI iind tliird 
plates; normal heteronoiny of inl-erradiiuu L 
J?crist<jincexceuiric in front, seuu’lunar, witli a la-rge ps’cjjevtiug 
posterior lalirum, beisind which is a. broad amphiHicruum ; split, s- 
ridia imniorous, JAriproetin the posterior lruiUMtio,n, L'lrgti. 

A. pcM’ipetalous fa-sciole entering tins hitcnail iuterradia consider- 
ably, sinuous more or less; a. suliaual fastu'ole siirroiUHling a 
broad area, iucluding six ambuiaeral pla1.es, the u|)[)er part of iJio 
fascicle eoncave. Ornamentation of very crowded almost homo- 
geneous tiibercleB abactiually, and of slightly larger tubercles 
actinally; rarely some larger tubercles wdtliin the peripetalouB 
fasciole. Spines slender, moderately long on the anterior part of 
the test ; dark brown, yellow, to silvei* grey. 
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Fossil Crag : England, Eocene, Miocene, Pliocene : Europe, 
Miocene; Asia (Sind and Madura). Tertiary: IST, America, 
West Indies. 

Beceni. Arctic Seas, N. Atlantic to Aeoi’os, Mediterranean, 
West Indies and Brazil, PaciBc, W. coast of America. 7-450 fms. 

This definition covers the recent forms and most of the Ter- 
tiary species, but Wright’s B. tuberculatus has necessitated the 
addition regarding the occasional presence of larger tubercles 
within the peripetalous faseiole, as in Iletcdia. 

The genus Brlssomorplia^ Laube, 1871, is similar to Brissn^s ; 
and the genus HeterohrissiiSj Manzoni and Mazzetti, 1877, is 
unsatisfactory on account of the indifferent state of preservation 
of the specimens of the sole species ; it may be a Brissus. 

Brissiis depressus, a furm which has never been obtained in a 
condition of preservation worthy of description, has been made 
the type of a new goiius, Leio 2 Meustes^ by M. Cotteau, 1885, Pal. 
Eran<j., Terr. Orct. p. 123. Considering that it is written 

fascicles absent or very slightly apparent,” the value of the 
genus is problematical. 

Siihgenus Meoma, Grap^ 1851 (genus), Ann. # Jib//. Mat, Hist, 
vol. vii. p. 132; 1855, Oat, Bee, BcJi, Brit. IBns, pt. i. p. 56. 
Luticen, 1863 (pub. 1864), Vul Medd.f, Mat For, i Kfdh, 
p. 120, A. Agassiz^ Bevlsion, 1872-74 (subgenus), pp. 358, 
603. Loven, 1874, Biudes^ pi. 35. 

Test moderately stout, cordiform, the paired ambulacra sunken 
in deep grooves, autero-Iatoral divergent. 

Peripetalous faseiole slender, Ilexuous, entering the interradia 
between the petals. A subanal faseiole slender and incomplete 
above, a slender offshoot passing abactinally on either side of the 
periproct. 

Fossil Tertiary: Cuba. Miocene : W. Sind. The geniiB is not 
represented in the Australian Tertiaries. 

Beeent, Gulf of California, Acapulco, West-Iudian Islands, 
Gulf of Florida. 242 fms. 

Genus Spatahgomoepiia, Bohn, 1882, Benhsch. d, Imis. Ahad>, 
Wiss, Wien, Bd. xiv. p. 367. 

Test moderate, elongate oval, depressed, notched anteriorly, 
highest and truncated posteriorly, depending below the periproct. 

16 ^- 
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Anterior ambuhicruiii in a hIuiUow groove*; the pairtMl aniljiihoo'a, 
shallow, lari 1 cool atOj ino(Ieriii(‘ly long; pores soinewhni diminished 
near tlie apex. Odd interradiuin scpnrai.ed, aidirinJl}', Irons the 
labrain by tins jn, nelson of the brousl poshabn* junbuha-rai sircsis. 

Peristome excciitric in front, sens iliuiar ; si'cmnini :uip|)e<l in 
greatly postorioiiy; Pei'iproc't higli up in the posterior Irmuaitiom 
A large siibana.1 fasciolc, with at least eight pairs oi: ainbu* 
lacral plat os and pores included. Large snub on primary inlsoreles 
and grannies, tlie former absent ia tlio posterior iiiteri'adlnni. A 
p)eripeta]oiis fasciole limiting and bounding the tubercular areas. 
Fossil, Tertiary : Madura, Java. 

The genus is remarkable on jvec'ount of the niiusu.ai number of 
ambulacra I plates !m|)licat(Hl iu the subanal iasciolc and for the 
junction of the anibiilaera aciiimlly, so iis t(>sopa,ratc ilie sl'cruum 
from the peristome. 

Genus TitosciiEWA,, Duuefm Slmkii, .188^1, Fnl, ImL stnx xiv., 
Monogr. TeH, Ihhm. Kuohh and Kalt//wm\ p. 07, pi. vii. 
figs. 1)-12, and 'pL xi. iig. 5. 

Test rather large, long, oval, higli, notched anteriorly, trun- 
cated posteriorly, slightly convex actinally. 

Apical system slightly exe(!;ntric in front; four perforated 
basal plates, tht*- madreporite in the right anterior, a;nd passing 
centrally, separating the postoro-late.ral basals and ike posterior 
radials also, extending into the posterior inteiTadiiun. 

Ambulacra all in dee}) grooves; pores small and elongate in 
tlie anterior aiubulacriun ; large, except close to tlie apical system 
where they are ini nuto, in, the other ambulacra: petals o|mu at 
the extroniity close to tlie fasdolo. 

Peristome slightly excentric in iront, l,)roiui<,u* than long, 
posterior lip well developed* Actinal pljisii'on iiai’row. Periproid: 
supra;margi,uiil, in the truncation. 

Intc^rradia with largo sunken tuber(d,es cxccpli in tlie pnsUnlor 
interradium. A, peri pci talons and a subanal fnscnolo. 

.Fossil Miocene : Kaehli. 

Agassiz and Desor defined the gcmaiiFkgionoiss in 18 1-7, a umrie 
imfortnuately preoccupied in the claHsiflcation of the ,Inseciji. 
Gray, in the Catal. Itccent Ech. Jhat. Miis* j)i,. i. 1855 (not 
1SB2 as, Dames writes), p. 50, admitted the name aaid sej)aratm! 
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the genus from Metalia, a division o£ tlie genus BHsbus 
(p. 51), His typos were Blagionotm loectoralis and P. DeBorii. 
JlrisHiiB dernaUs^ Laiuk., sp., was his tj'pe of Metalia, A. Agassiz, 
1872, Eevisioii, p. 144, placed Flaglonotus and Metalia as syno- 
nymous, and chose the latter subgonoric name to include Bla- 
fjmioius ijecforrtlis and Iletalia siernalis. Since the tiriie of the 
Ecvisioii,’ the deseribors of recent Echinoidea have followed 
A. Agassiz ; but tliat excellent paleontologist Dames has placed 
Brissogsis and Toxobrissus as synonyms of Iletalia. It appears 
correct to admit the name Metalia instead of Blagmiotus^ to unite 
the species separated by Clray under this genus, and to place 
Brissopsis as an independent genus, with Toxohrissiis and Kleima 
as its synonyms, 

Genus Metalia, Gray, 1855 (division), Oat Bee. BcJi. Brit, 
Mus. pt. i. p. 51. A, Agassiz^ 1872 (sub genus), Bevision, 
pj). 144, 360. Loren, 1874, Eindes, pi. ‘10, sah Plagionotua, 
(Bnlargeil.) 

J8yn. BlagionoluB, Ag. and Denser, 1847, Gray, 1855, Liitken, 
1863; XafilhohrisBus, A. Ag., 1863; Brissm, Martens, 1869; 
Br mop BIB, sensii Dames, 1877. 

Test thin, moderate to very large, depressed, elliptical or ovoid 
in more or loss wavy marginal outline, slightly indented ante- 
riorly and truncated posteriorly, lowly arched or nearly flat ah- 
actinally, tumid above the margin, the edge of which is sharp ; 
aetinally eoinparatively flat. 

Apical system exeentric in front ; the four basal plates per- 
forated; tlie inadreporite extending centrally and posteriorly, 
separating tlie postcro-latcral basal and radial plates. 

Ambulacra diverse; the anterior in a very shallow groove 
which may be absent near the apex, its pairs of pores rather 
distant and small ; the petaloid parts of the |)aired ambulacra in 
variably Binikeii grooves, narrow, unequal and long, their pairs 
of pores large, nearly closing, with narrow interporiferous areas; 
anterior petals divei’gent, long, and straiglit or curved, those of 
the poatero -lateral petals similar hut ratlier close, and the zones 
bending with the distal ends flaring outwards or not, longer than 
those of tlie antero-latcral : aetinally the postero-Iateral anibu- 
laeral areas are long and narrow, 

interradia large, especially aetinally, where the second and 
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tliird plates form much of the surhictMui eitlu'r si(h' of the iia/rrow 
ampliisfcoriiiuii, wliich, with the rest of tluj siu’fa<*e, is eoiiiparsi- 
tively Hat. Normal luvioronomy of the iiitcaiaulitnii ],. (Iroat 
nippiiig-iii of the interradial plates !)tdo\v the [)(’ri|>iH)(*t. 

Peristome cxceiitric iu frontj (O'esceat-shaped or subcirciilarj 
with a well-devo]o[)ed posterioj' lahi'iiin ; tlu^ plat(\s of i.lie 3iieia~ 
braiie well-developed. The ])erij)roet posterior atid |)ear"shaped, 
in the truncated posterior siuTaee, plated lai*g(dy. 

A peripetaloiis fascioloj (^llipiieal, uiulidatitig or not. A broad 
snbaual faseiolo, surrounding a, broad area, iiieliidiag six ambu- 
laeral plates on either side ami grooves radiating i:o their pores. 
An iiicomph.'te n;nal iasciole, a vertical and small branch passing 
from the siibanal or from a. horizontal faseiole plaeetl iniinediaicly 
above it, upwards on either side of the pd'iproet, or in that 
direction. 

Ornamontatioii abactinally either of vm*y small close tuberdosj 
the largest on the ilaiiks of the anterior groove, or tliere may be 
numerous, yet distant, large [)i‘imary tubercles in tlie lateral in- 
terradia, wibbin the peiipetaloiis fasciole, ih/yond the fasciole 
the small tubercles gradually increase in size to the ambulacra at 
the peristome. Hpiiies short, slender, curved, hirgest {ictiiially 
and with a milled ring. Kpheridia numerous, in groups iu all 
the ambulacra. 

MssiL Eocene: Europe, Asia. Terlhiry : N. America, W. 
Indies, Malta, Italy. 

Beeeu'L 'West Indian "Islands, hhorida., Mexico, Eed fcSea, 
Pacific Islands, East Indian Islands, Australia., Aburrhius, E. 
Brazil, (Sheihoro Jslainl, ( hJiroriiia., M"(j<lileiTaneaii. hdiallow 
water to jot? fins. 


CkmuH liui'NOinussvs, A. 1.872, JJhIL Jinn, ikmijh ZwV. 

p. Ill ; 1.872-4, p. 5b() ; 188.1, Mvjiorf on ‘ r/o//- 

leuf/er ’ Echini^ p. 180 ; 1882, Jk^qHui on 'MlakE .Kchhu^ p, 07« 
Test moderate in size, very ihi.n,.h)'ng{‘r than broad ami broadm* 
than high. Outline from above, ovoid, with a najT(.)w posierior 
end ; broadest on a line with the apical system, wliich is nearly 
central or slightly in front. Vertex of the test |.)oste,rio;r, and 
the posterior surface is tall, truncated, and hollowed t,rauBverHdy. 
Apical system small, with four basal jilatcs with large genital 
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opeiiiiig-s. Madreporite exteiidiug backwards and separating 
tlie posterior radial plates. 

Odd ambuJacrum flush with tlie test, its pores exceedingly 
small. Lateral arnbiiiaera short, sunken, siibpetaloid ; pores large 
and the poriferous zone broader than the iiiterporiferous. Pos- 
terior ambulacra the longest. Ambulacra wide around the peri- 
stome and on either side of the aetiual plastron. 

Peristome broad, exceutric in front, with a large posterior lip. 
Periproct high in the posterior extremity. Aetiual plastron 
amphisternous, long, and prolonged posteriorly into a short beak, 
keeled along the median line. Three fascicles — a peripetaloixs, 
an anal, and an independent subanal fasciole. 

Tiiborcd(7S very small and numerous dorsally, and larger and 
wit!) a raised serobicular surface actiiially. Large tufted ambu- 
laeral tubes close to the peristome. Spines small, curved* 

MeceuL China, Tahiti, shores of Beluchistan. 

There is no don])t about the sunken nature of the lateral and 
posterior ambulacra in the sj)ccics from the Pacific and Indian 
Seas, and that the outer terminations of the petals of the am- 
bulacra are prevented from closing by the peripetaloixs fasciole. 
The madi’eporitc is large and sepxirates the basals, and extends 
backwards well into the iiiterradiiim. Now none of these cha- 
racters occur in a species which A. Agassiz refers to Bhinohrmus 
with an expression of doubt (Eeport on tlie ‘ Blake ’ Echini, 1883, 
]), G7). Tlie figures given by Agassiz, pis. xxiii, and xxvi., show 
a most interesting form which is well deserving of the pains its 
deseribor took about its details and the relation which they bear 
to an eieiit forms of Spatangoids. lie considers that the species will 
probably form the basis of a subgenus of Bhmohrmms which will 
hold to it very iiuicli the same relation which holds to the 

true species of SeJdzaster. But it must be said that the Caribbean 
Sea is not the home of the genus, and that the immature forms 
of tlie Indian species have the true generic characters given above 
and that the Jin.o’«.s‘ 2 ^-<f?r-look is wanting in them. The genua is 
not known in the fossil state, and the species pi/rainklalis^ 
Agues., is not a variable one. It will be best to place the 
Caribbean form near the genera Linoimeimte^ and Olonolrmm 
and ill a new genus, Weapnemies (page 258). 
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CTeniis Eeissopsih, Agassiz, 1840, Cat, Si/si, .AV?///p. p. 10; 1847, 
Gat. Ann. (1, J^at soi*. Jl, vol. viii. p* 15. 

0'/w/, 1855, Cat. lice, Heh. Brit. Muh, p. 55. Dmrr^ 1858, 
Synopsh^ p, J]78. Larin 1871', Btudr,^^ pis. xii. itixxxvi. J, 
Af/arsh, 1872-4, Berman, pp. 851, 50::). Urmrs, 1877, Bar 
lamiognipMea, Bd. xxv. p. 678. Duncan 4" Sladcni, 1884, Bal, 
Ind. ser. xiv., Foss. Ecli. TF. Sind, pt. iii.]). 20:). J. jiyasslz^ 
1883, ‘ BhJce ’ Fchlni, p. GO. {Amended.) 

Syii. Khmla, Gray ; Toxahrlssus, Dosor ; .DeaJila, Pa,vey ; 
Verheehia, Fritseb, 1877. 

Test thill, moderato iu size, ovoid or cloEgate-oval-clliptical iii 
tumid marginal outline, depressed, lowly i.uinid doi'sjilly, rounded 
ill front ami with a vnriahkg shall, -w, jiuiurior groove, (imnesiicd 
])ostoriorly, projeeting and convex adinaliy and LK'hind the |)eri- 
stoinc, or sub globular. 

Apical system ecut,ral or oxccniric iu front; foui* biiHal phdcs; 
the pores largo; ilie madreporite iu the right anterior liasal and 
passing centrally in the syrti(.mi and postoidorly so as to separate* 
the posterior radial plates and some of the postmlor iuternidial 
plates also. 

Anibulaci'a diverse, unequal; the anterior sliglitly sunben 
dorsally, with small pairs of dose poreKS most nunierous aLnidinally ; 
the antorodateral siiid,ven, subpctalo id, short, et|iial to but may 
be longer tban the posterior pair, straight, divergent, or curved 
more or less ; pairs of poiaxs large and iu parallel .rows, with small 
interporiferous armis. 'lb)stero~lateral amhiilaera stmighi or 
curved, BiailxCii ; |)airs of pores as in the autcM’o-lntcu’a], hut ilu*- 
anterior row may beemme (*oui/iuuoiis witli, tin* postcnioi* row of 
tlie aniicrodnteral amhuhu*,ra, suiqu'taloid and Imiding or not 
to close at the fa, sin oh*. ; actinally the arca.s ai'tfrlia.re and largig 
tl:ios(U)f tlu^ posUn’o-laltunl :IV)inn wide areas a-t the side.s of tlu^ 
plastron, and four (the G-4') inclusive) plates of the .rows nearest 
the plastron are augularj with large pores, and are within ilic 
subanal fusidolc, 

Intcrraclia narrow apically, large actinally ; the right j)ost«,‘rio,r 
with normal lioteronomy of its plates (union of 2 a, ml 3 of series 
a), A Byiiimetricul ainplnstcrnura, Tubercli?s small ami crowded 
abactinally, larger actinally, largest at the margins of the ba.rc 
ambulacra near the ])eristome. Periproct, in the truncated pos- 
terior surface, elliptical or ovoid, longitudinal. 
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A siibaiial fasciole, concave towards the distant periproct, with 
or witlioiit anal branches ; a peripetaloiis fascicle well developed, 
more or less fleAiioiis. Plates of the membranes of the peristome 
and periproct largest at the edges aiid smaller near the orifices. 

Fossil. Eocene: England, Europe, Asia, Java. Miocene- 
Europe, N. America, W. Indies. Pliocene: England, Europe. 

Mecent, ISForth Atlantic, Norwegian and British seas, Medi- 
terranean, Elorida G-iilf-stream, Sombrero, Caribbean Islands, 
Eonnosa, vSiara, East Indies, New Caledonia, Luzon, Tahiti, New 
Zealand. Eaiige from 1100 to 2435 fins. 

The curving of the paired ambulacra is 'well seen in the Sindian 
species, and it is evident that such a chai*acter is not sufficient to 
separate a new genus ; moreover the continuation of the rows of 
pairs of pores so as to form a curve across the postero-lateral in- 
terradia is subject to great variation. The general shape of indi- 
viduals of the same species is remarkable and has necessitated 
the introduction of an alieratioii in the definiiioii of the genus j 
this is the result of A. Agassiz’s examination of the Echini of the 
‘ Blake ’ dredging-expedition. 

M. Cotteaii delinoil a genus Gijclaster in 1856, and Desor 
placed it as a synonym of Brisso])sis in lus ‘ Synopsis,’ 1858. In 
1803 M. Cottcau reasserted the right of C^clasior to a generic 
position, aiiid wrote tliat IJrisso 2 )sis differed because it had an 
anterior groove and very slightly divergent and atropliied paired 
ambulacra. Baines described and drew two species of Oijclaster 
in, ‘ Pala 3 ontogra[)hiea,’ 18/7, Bd. xxv. ; and his figures and de- 
scriptions agree with M. Ootteau’s ideas ; but there is no vestige 
of a peripetaloiis hisciolc, and there are four closely-placed 
geuiiial pores. It is possible tiuit tlie fasciolo may have been 
worn off; nevertheless the ornamentation of the test is given 
without any evidence of it. Hiuee that time several species have 
been removed from Gyehsier by M. Cotteau, and a fresh generic 
character has been added by him to which except iou must bo taken. 

The characters relied upon are the absence of an anterior ain- 
bital groove, the divergent antero-laterai ambulacra, a peri|.)etaloiis 
fasciolo which is somewhat angular, a snbaual fasciola, and the 
presence of only three genital pores, that of the right anterior 
basal plate being absent ; the extension of the madreporite cen- 
trally, with separation of the posterior basal plates. In 1887, 
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lioAvovc'f, M. Ootleau aduii 11(^1 0, (hmnlonl,, wliieli he sliDwed has 
an iinpiyplnc^l. ppripeialous ras^'inle and a tnHi' diilbrniitfly slisippd 
fponi ilh'ii; of ilu^ iyjx^ 

Use la^seaiadiOK of A. A<i;aHsiz r(\i»:ai''ding i^he reeciit of 

7>r/,s‘.w^),N7‘.s‘ in the W. Indiow have |)i\)ved that soiiu; forms 1iav(‘ 
diver^vaif. a,iil;(vro-.la,[.t''ral amlnilaorn, eypcoiafiy fho yoiupi*;, that 
ihei'V^ is oo]'isid,oi‘ablt^ variat ion in, the depth of tlio a.irihiial ,pToove, 
and ihui during' j 4 ro\vl.],i the ani{)ulaora jiro close]’. (A. Ajj^'assiz, 
1fS72-"-74, Revision, p'l. xix. S, t) ; LSSeb ' Iflaked 'fjchini, 
pi. XXV i.) 

l^ht^ p:r(‘w<‘nc(‘ of four ,nxmiial ptmi's in some ainl throe in other 
Hpecios is not inij)o)*t.*inl ; aixl, tht^ jihori-ion (d,’ a dnei and its 
j 4 'laiHl h of no nnu’t^ (dassilicatoiy vahu^ in tins ij;roup t-han it 
iH in oilu'i'H. The position of ('///cAw/rr is ihaii of .1 siilyxMius. 

(dveiiASTKii, (hfitum in Lfij/mem ei. (htUmi- ('i(cmns), 
CkL F4 v1u (k Pjfmu p. 27 (liivt-r. JlulL Ffj(\ (JeaL iie 
F'i\ ser. 2, vr>l, xiiL) ; ISGJb Ac//. Fm, das Pyrm,, (krng. FeL da 
France^ 28 Sept. voL i'ii. p. 57; ,1887^ Fa'L Fr., Terr. 
theenc\ [). 447, ])1. 12'.^ (tnd Bull, 8oe. !Fjo 0 l, de Fr, vol. xii. 
pp, 564 & 632. 

.A , 11 tcrior g roov a sligh t a.l.)act-lmilly, lost at the anibi (a, is. A ntero- 
lateral 'ai,nbulacra. divergent. 

Apical system with three or four genital pores, and a, cmitral 
inadreporite separating the posterior basal plates, Peri]K;*t3ilons 
fjisciole subcircular, often more or less deficient.; a subaiial fasciole. 

Fossil. Eocene: Europe, N. Africa? 

Ge*riiis |}a!Hso,PATAnuH, Oofiean^ 1863, IM. Foss, do ib/p/w, 
]). 143. Dtmes^ JMheoHioy. '.Bd. xxv. p, 82, pL xi. fig. 2* 
'iJunmn if Hlitdou^ IHS'.t, Fnl. lud, wet\ xiv., Foss, icV//. If 4 
Bind, p. 22(,>, {Jjiwnded.) 

Tixst ofmcMlinm si/A', oval, inodmnfe'ly tmnid abactimdiy, hover 
and Biiliearii'iate post.eriorly, flat aetinally, jinicrior groove modi*'- 
rate at the:i;mbitus, but small ahaciinally; In-ojul dcpressfal armm 
around and irududhig the petaloid parts of the laienil a.m’biih'mni* ; 
a dcfiiiito intcrradial ridge si^parating tlie lateral petals. 

Apical systeiu oxeontric in front. Anterior ambulacu’inn ‘wifli 
small pores and in asliglit cleprcBsioii ; anterior pair short, wiikdy 
divergent, iniicli ciirvod, concavity forwards, not closing ; poroB 
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large; posterior pair longest, curved, with the concavity out- 
wards, unclosed distally; all in tlic depressions of the test, 
forming an acute angle at the apex. 

Peristome excentric in front, subcircular. Periproet elliptical, 
posterior. Pascioles : a peripetalous and a siibanal. 

Fossil. Eocene; Europe, Asia, Sind; and Java (Tertiary). 

Dames drew a distinct peripetalous fasciole ; and in Duncan 
and Siaden’s specimens there is eimry indication of a siibanal. 

In the species described by Dames there are some primary 
t ubercles scattered in the lateral interradia. 

The genus should come near JBrissopsis. 

G-enus Spataistgus, Klein, 1731, Fat, JDisj), Fck p. 33. Lamarck, 
1801, Syst. Anim. s. Vert. p. 348. Graf., 1825, Ami. FMl. 
vol. X. p. 8 ; 1855, Gat. Bee, Ech. Brit, Mus, pt. i. p. 46. 
Besor, 1858, Sijnopsis, p. 419. A, Agassiz, 1872-74, Bevv 
sion, pp. 158, 564. Loren, 1874, Etudes, pis. 208-212. 

Test thin, large, cordiform iji marginal (Uitliiie, broad, rounded 
and grooved aiiteriorl}^ truncated at the narrower and oblique 
posterior surface, dorsaily slanting upwards and backwards, 
depressed, never as high as broad. 

Apical system small, slightly excentric in front and in front 
of the vertex; four basal plates perforated; and the madreporite 
extending between the postero- lateral basal plates and between 
the posterior radial plates into the intciTadiiim. Anterior ambu- 
lacrum in the broad deep groove ; pairs of small pores distant. 
Antero -lateral ambiilacTa with the potaloid parts broad, long, diver- 
gent ; the interporiforous areas tumid and flush ; the poriferous 
zones hroad, sunken ; the pores small in the anterior zone near 
tiie apex, large where the zones are large, closing at an angle dis- 
talJy; anterior poriferous zone may bcili-dcvoloped. Postero-lateral 
ambulacra broad, petaloid, closed, subequal to the aiitero-lateral, 
and w^ith large flush interporiferous areas and sunken poriierous 
zones. Actinally the umbulaera fuian most of tlic peristomial 
margin anteriorly and at the sides ; and the postero-lateral 
ambulacra are well developed, the 6-8 plates of the inner 
zones being within the subaual fascicle, and two with large 
perforations. 

Peristome excentric in front, with a projecting* hibriim ; an 
ampbisterniim. Peripimct large, supramarginal, elliptical, trans- 
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verse ; both the periproet and peristomial membra-iics largidy 
plated near the tost. 

l^oriiial hctcronoHiy of tlie right postcro-latcral iiito!'!‘a.(riU!n. 

A siibanal fa^seiole only, iiicliuling a broad plastron }xni(a:ith 
the |)cri].)roct. 

Orinunciitaiaon abaethinlly, in the iiiterradia, of largo primary 
tiibereles, slightly sunken in scrobieiiles, creniilatc and perfu- 
ratcib scattered or in more or less \vavj rows, and of close siinill 
secondary tubercles and a ininnter tuberciilation and grarmla.tion ; 
actinally the iiibcrcles an' close and occur on the plasiroin S])ines 
longest and largesi- on tlie largxa’ tulxH’cIcs, slciid('r, ]>oint(',d, 
(airved, striiiied ; ihoscM'd’ the smaller tubercles ar(^ old lie sa-ine 
shape as the largc'r spines. 

Jfemil Terthii'y ?: Ihigland, Eiiro})0. 

Mecent^ Shores of N, .A.tlan tie and tlerman ()ceaiis, Modi ter- 
ranean, Azores, Bermuda,, Caribbean Sea, Cape of Good ll’opo, 
Japan ; Bed Sea ? 150 to 450 fins. 

The ckdinition of which has been attribuied to 

Dames, has not been discovered, luilesB Lauheh definition of 
Cb'}}copJ/ 0 'mSjJ)cTi\\m\n\ k. Akad. Wien, Bd. xxix. p. 86 (IHGO), is 
to be taken. Dames noticed idic species called Spiiinuf/vfi lorh 
eo;pIwms^ Weneg,^ iji his description of the ‘‘ Ahcent. ii. Vc'ron. 
Tert. Ecln,’’ Ihihuontogr. 1877, p. 83, and woiideinal at Liiubo’s 
etymology. It does not appear that a generic definition wn,s 
produced. 

Hiibgeiias Do-N’ooninnuiw, Dames ? 

Syn. Co n (top kora iiaube. 

Hpatangi without large prima-ry tnbercles on tlie ininrradia 
dorsaJly. 

FosuL Tertiary : Ihiro'pic 

Cicnnis hi AH ETTA, Ovajp 1855 (a division of FpaiiauivCs^ Cat, 
Mat, M(th, Drit; Mas, pt. i. p, 48. Lomi^ 1S7d<, F/H(/(\s, 
pi. xlii. A, Jfjassiz^ 1872-7',l;, Moomon^ p. 568. 

Test inu(lorai;cly thin, cordifonn or ovoid, ch'pri'sscd, slightly 
tumid (lorsaliy; auknior groove slight; posi;crior trnncation 
narrow, actinally Hat. 

Apical system slightly oxeentrie in front, small, four Gose 
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perforated bas^al plates ; madreporite separating the lateral basals 
and extending backwards. 

Ainbulacm diverse, the anterior narrow, with few pairs of 
pores 5 paired ambulacra long, extending to the ambitus as 
broad, simllow unequal petals ; the intcrporiferous areas broad 
and tumid or not ; the poriferous zones cdosing, broad 5 and the 
anterior zone o£ the antero-lateral ainhulaera may have small or 
aborted pores. 

Actinally the ambulacral areas are very broad posteriorly and 
hare; the peristome with a long narrow labrum and a very 
iiaiTow and small amphisternum. Periproct large, in the trun™ 
cation. 

Normal heteronomy of the right postero-latoral iiiterradium. 

Ornamentation of sunken primary tubercles crenulated and 
perforated, either numerous and in rows in the anterior and lateral 
iuterradia, or few in the lateral and postero -lateral interradia. 
A suhaual fascicle, and evidences of a discoiitiuuons peripetalous 
fasciole or not. Spines small, usually puinthig backwards, 
longest actinally on either side of the ambulacra. Actinal plastron 
comp ar ati vely bare . 

Mssil. Tertiary : Europe, India, Java, Australia. 

Mecent, Masbatc, Borneo, China, Kingsmiii Is., New Caledonia, 
Mauritius, Australia, Levuka lieef, Japan, Arafura Sea, Soutli Sea. 
25-800 lins. 

Genus Eui^iTAaus, Ar/assisi, 1817, OataL Mak.^ Ami, d, Sci, 
Mit. scr, 3, voL viii. p. 0. Grai/^ 1855, Oai, Bee, Meli. Brit, 
Mm, pt. i. p. 49. JDimcan Bladen^ 1884, Fal, Ind, 
scr. xiv,, Foss, Mch, W, Idlnd^ p. 235, pL xxxviii. figs* 11-13. 

Syii. Mm^atmigus, 

Test of moderate size, thin, elongate, cordiform, tumid but de- 
pressed dorsally, narrowest and truncated posteriorly, actinally 
flat, with a slight keel* 

Apical system small, cxcentrie in front, with four basal plates, 
perforated ; the madreporite in the right anterior basal qilate, ex- 
tending to the centre and posteriorly, and separating the postero- 
lateral basal plates and posterior radial plates. 

Ambulacra diverse ; the anterior in a feeble abactinal depres- 
sion, narrow, and with distant small pairs of pores ; the paired 
ambulacra petaloid dorsally, long, wide, closed; the interpori- 
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feroiiH a.reas liroad and pointed clistally, not dopresMod, Jiod may 
bo tiiinitl; porifcroim ymiQii brand, closing, more or Jobs suiilum ; 
pores dissiini’br. 

Peristoino excentrie in front, mnilunar or Bubeircula-r, with 
a projecting [XKstorior labrimn An ninplrmtcnaiiim bmindcd !)y 
wide aiubiiiaeral areas. Periproet occupying iniicli of iho pos- 
terior triiiuaition. A peri pot alons fasciole, elliptical and circiim- 
scribing tlie petaloid parts of the ambulacra. A subanal fasciole, 
cortliforni or broadly rcnifoian in sliaj)c. 

Tabcroulatioii— some large perforated and crenidated scrobi- 
ciiLatc primary tiiborcles, sparely distributed upon t he anterior 
and later:d, intcri'adia, ciriuunscribtMl by the fasciole ; tdsewheni 
absent; a small tuben'iilaiion, and miliaries laignsst aclinaliy. 
fSpinoM short, the hirgi'st hciit, tuft,(Ml tm the suhanal area.. 

.FoHsiJ. Eocene: Euiaipe, N. Africa, Asia.. Aliocone; Australia, 
and W'. Indies. 

Memit, Australia, N. S. Wales, Arafura Sea, Van, ’Diemen’s 
Land. 


A difficult question has arisen regarding the genus il&crc?- 
pne'UBi:e&\ Agassi/., 1847. The genus was founded and the cliu- 
gnosis appeared in Cat, liais., Ainu Sci. Nat. ser. 3, vol. viii.p. 8, 
iigured. in vol. vi., pL xvi. iig. 2(1810-47). 

Mmropnemteii Deshaijed was tlio type, a,nd was sujipost'd to 
sliow the generic clmracte,rs ; but in after years it became evidenl; 
that the specimen usimI by Agassiz was worn aval iisclesH; for 
good ones sliowed a sul)anat Ix^siiles the [leripidnlous faisciolo. 

In the moantinn' ( 'otbanilmd fouinhsi Pc/vyn/cx.v/cs for specJ(‘H 
which were J/xc/Yyn/rm*/c,s* with a. subaind ra.sciole, IVjadd to tin* 
conrusioii, stuiiinj/movyr/nvos'to \V(‘re dt'seribed which tallied with 
the written iliagnosis ol* Agassiz, and had no snbaiial hisciole. 

No two writevrs a.re agreed a, bout the natiure of the andnilae-iai 
in Mjicropnimlv^^^ wludhcr tlu:y iu'e Hush or in grooves, 

There is always a desire to retain tla^ gmius of a.n old, ami vsilmal 
.imtnra.l,ist ; but/ it is clear that is to bc^ retained, 

Fefipneudes must become its synonym, and tluj .Agasst/dan geims 
must be altered* Again, if MMeropmtmUtH is a!{,ered, tiie spciciCB 
wl.dcli tally with, the original generic defniition must iliul a homo 
elso'wliore* 

Any one wdio lias bad ilie opportunity of study ii,ig the method 
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of Agas^siz would not liave much difficulty in believing that if he 
bad known that there was a subanal fasciole present, he would have 
regarded the species as one of a group of Eupalar/tis, Baines, in 
considering an Eocene Peripneiistes, noticed iiow close the form 
was to Mufcitagiis^ and if D. avellana from Sixid is examined 
the alliance is evident. There is, liowever, the question about 
the taxonomic value of hush and grooved ambulacra. This is to 
a certain extent answered, because there are forms intermediate 
between the perfectly flush broad ambulacra of Mwpatagus and 
the grooved ambulacra oi Penpneiistes^ and the Sindian species 
Macropneiistes speaiosus thni Uupatagi^s avellana are intermediate 
to a certain extent . 

It is proposed to make Macropiieusfes and Peripmtostes syno- 
nymous, as Cotteau has done, and to place the first as a subgeniis 
of Mupatagus {Pmpaicvngiis). The diagnosis of the subgeuus wili 
have to receive the addition of a subanal fasciole, and the 
ambulacra semiliush or in grooves.’’ 

This will place A. Agassiz’s recent Macrop)iemtes spatangoides^ 
1883, hBiake’ Echiui, p. 64, in a subgeuus of Eupatagits. 

There remain a considerable number of species which were pro- 
perly considered to belong to Macropneuates^ Agassiz, 1847 (not 
in rcforeiiec to the type-species). Most Imvo more or less flush 
ambulaeral petals, and rather large tubercles within the peri- 
petalous fasciole. Tliey must enter Ilypsopatagm^ Pomel, 1883 
(see emte^ p. 230). 

FeripneMtdes was founded by Cotteau, 1875, Kongl. Svensk. 
Vct.-Akad, llaudL Bd. xiii. 170,6, ]). 88, pi, vii.; and considered 
by Dames, 1877, Paheontographica, xxv., Ech. Vic. Tert. p. 73 ; 
■Diiiitsan & Sladen, 1883, Pal. Ind. ser. xiv, Ecli. Kachh & Kattywar, 
p. 41. Pomel, 1888, Theses, p. 81, is a synonym. 

Subgeuus Macbopkeustes, Agcmk (genus), 1847, Oafal 

Ann. d. Sci. Pfui. ser. 8, voL viii, p. 8. (Figure of the typical 
specicss, vol. vi, pi. xvi. figs. 2, 2a) (Pars.) {Enlarged) 

Syn. Feripnemi.es^ Cotteau, 1875. Traehgpatagus, Pomel, 1888. 
Sfomaporm, Cott. 1888. Isopimistes, Pomel? 

Test thick, tumid ; ambulaeral petals elongate or broad, grooved 
or semiflusli, open or imperfectly closed j poriferous zones 
equalling the interporiferous area in breadth. Tubercles large, 
upon the interradial areas, but less projecting than the tubercles 
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of A bterjil faseiolo at iho a!)ovo niaro’iii 

of tlio irni, (joiTospoiuliiig Lo tli(^ (aids of iila' atiilui,l;u*nil 
passing above ilie a.iuiH. A siibanaJ lasidelca 

IhwJ, bilocuaie: l‘]uroj)(». ; Afrivn ; 'W* iodioa ; A.sia-. 
lieafnii. i'aribbc'jui 8cai. 

Sk)i/Kii) 0 'ruh\ ('Vttteau, ISSS, ilonipt. lie, ml. voL e.vii., dillbrs be- 
cause iii has a sharp lalgii a<iid an almosi'; coiif,ra.l. pe!,*i«to!uej liat 
it ca,ii hardly he.*, otherwise ihau <,>iie oFiliis guoup. 

G-ouus NieosPATAUiurs, A. A(/ffssi;:, 187?] (subgiauis), ‘BulL 1 U)ls\ 
Gomp. Zof'il. voL iii. p. l.Sl) ; IST-li, Zook Mvpf'uk^ 

Cok df/ev. (hmp. Zonk Ilaro. No. viii. 1, Jhkhii, p. 17. 

T(.‘si HiuaJij thin, ovoid in imiiid marginal, ouilimy a.rching 
regularly d,orsally to the vertex, whitd,i is be.iwt‘eii tlu^ apical 
system and the nearly vertical posterior truruatiion, hroadest in 
front of the centiag narrow behind, without an anterior groove. 

A[deal system Blightly extavntric in front, siuall, with thr(a 3 per- 
forated basal phites, and tin* madreporite in tlie right anterlo.r, 
wliich is iinperfornie. 

Anterior ambulacrum different from tlie others, tlic iiitorpo- 
rifcroiis area covered with small secondaries and miliarics ; ])ores 
sum, lb A.iitoro-lateral ambulaei'a flush, will) sliglitly siiiikcii pori- 
ferous zoiujs ; tlie. at iter ior poriferous zone with single [lori^s, tlie 
poste,rior witli large pairs of pores which become single ac.tinally. 
Tlic postero-lat.eral ambulacra with broad poriferous zom.3s and a 
narrow interporiferous area, peialoid and nea,rly closing, 

Peristome large, cxcmiirii* in front, sinnilunar, plati-^d, with a, 
broadly projecting iabrinu. I’lie sku'imm narrow, kiM'led, inber- 
culaic, .ihinkcal by brojul aminih’uu’ai aiaais. Pm‘iproct pos((n.*ior, 
tr!w;isverse1y ellipticnl, with two coiuaml.ric rows of anal plafa^s, 
below^ it a subaasai ),dastroj» wiih a fauciole, and a. l>ea.k a,t the 
lower end ol‘ this plastron whi(di is (umtinuous with tin*, actiiia.1 
surface. 8mne anal bnyiclies of the snbaual iasidoh,*. Hpimn 
longest jictinally, short and (uirvcal at the base, 

Maoofii', d’uan Pernandez, 05 faihoniH. 

The generic cliaracierS’Ot' (hmllmitk Dosor, have nciicssarily 
been enlarged by the distcoyery by M. Ootteau of a subanal 
faseiole m the typical species from Saint Palais, 
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Genus Gitaltieeia, Besor, 1847, CafaL Hais., Ann ScL Wat. 
voL viii. p. 10. Besor, 1858, Synopsis^ p. 406. Cotteau^ 
1884, Mch. de Saint Calais, p. 82, A^in. d. Sc. GeoL voL xvi. 
p]. vi. 

Test moderate in size, ovoid elliptical in marginal outline, 
rounded in i'ront, without a deep groove, slightly narrower behind 
and truncated, very tumid but low dorsally, flat actinally except 
behind the peristome, where there is some convexity. 

Apical system pentagonal, with four basal plates, each with 
a large pore ; the madreporite extending centrally, and separating 
the postero-lateral basal plates, and also the posterior radial plates. 

Ambulacra diverse, the anterior in a slight depression abacti- 
nally, broad, with the pairs of small pores arranged obliquely ; the 
paired ambulacra long, flush, petaloid, tending to but not closing ; 
the anterior poriferous zone of the antero-lateral pair vrith small 
pores near the apex, elsewhere the poriferous zones broad ; the 
interporiferous area broad, and the whole flexuous ; the postero- 
lateral ambulacra straigliter, with the poriferous zones broad. 

Peristome transverse, broadly elliptical, with a narrow labrum 
which is long, and has an amphistermim beyond; peristomial 
iuterradial plates of the aiitero-lateral areas tubereukte, and the 
labrum also. The long posterior ambulacra and the anterior ambu- 
lacrum are ornamented with raised irregular prominences. Peri- 
proet posterior, high up, oval, longitudinal, 

A well-defined fascicle crosses all the ambulacra at the distance 
of tlireo quarters of their length from the apical system, without 
interfering with the nature of the pairs of pores. An elliptical 
bent siibaual fasciolo enclosing a broad area. 

MsdL Eocene: Europe. 

Genus Likopfeustes, A. Ayassiz, 1881 (siihgeiniB), BepoH on 
the ‘ Challenger ^ JUcJiin% p. 167 ; 1883, ‘ Blake ’ JEcliini, 

p. 62. 

8yn. Balmopneustes^ A. Ag. (pars). 

Test large, depressed, but rather subhemispherical abactinally, 
the posterior part of the test sloping gradually ; oval in ambital 
outline and notched in froiit, and may be slightly so posteriorly ; 
flat actinally, with a low median keel behind the peristome. 

Apical system central or slightly excentric in front, with four 
perforated basal plates; the madreporite extending from the right 

JABM. JOUEN.— ZOOLOGY, YOL. XXIII. 17 
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anterior Imsalj ci3!itral]y and poslcriorly, ho us to sc^pairadc ilic^ 
|)(\storo-1at4‘ral ba.wa.l "plaioB and tlio po.sf.orior radial plafcs, and 
extend into ilnj posterior inleriaulium. 

Ambulacra dissiiuila-r, ibo aiiiorior in a, fatiit ,i{roovo, wiib Himill 
pairs of round pores ; tlio ])aircd ainbuiaera siuuijndMiloidj fliisii, 
all open distally, tfie aidnro-laic'ra] nddedy (livej’giait dorsatly, and 
the post(‘ro-lat(‘.ral willi broad stnooih plates on eiilicr side of 
the aanpbislenniin ; the pores t)f the sernipcdraloid parts round, 
but; the outer pore of ibc pairs may be sli^^diily C!longat;e ; po!'(‘s 
single and distant below tbo seniipelaluid parts, and some with 
peripodia around the peristome. 

]\!;risto:me exeeniric^ in front, in a moderate (*oiieaYity of iilic 
test, imieli broader than long, sciiri-lunar with rounded ends, 
rosterior labnim broad, proji’ciing. Sienmm with a more or 
less diyfincd heel (aimplusternous). reriproct supramarginal, 
circular, much plated. 

Ornaincutaiion of few or numerous small primary tuberedes 
on each plate abactinally, edges and sutures of plates more or less 
plain ; iniliaries between the tubercles. Actinally the tubercles 
arcj suboqual and more crowded, and most numerous witliiii 
and around the subanal fasciolo. Primary 8|)i.i3iGS long or sliort, 
sleiulcr, curved, smallest actinally, Pcdicellariu) long ; tlic iri- 
dactyle Ibrins with slender valves. Ambulacra with iiiucli smaller 
tubercles beyond the subpetaloid part than in the intorradia.. 

A narrow peripetalous fasciole passing above the ptadproet ; a 
subanal fasciole, broad or narrow heart-shaped, partly in contact 
with tlio actinal edge of the peri])roct. 

lie.cml, Caril,)bea,ri Sea, 38 to 298 fathoms ; Japan and l.ho 
.Pinlippine Islands, 315 to 375 fatiioms. 

Hie species whicli is found in the d(H‘pe.st vvat;cyr has ilie 
sliortesi spines and the ambulacra the most apciiiloid. 

Genus Neopseustes, gen. nov. 

8yn. Il/unoh'mus, A. Agassiz, 1883, 'BlaluG Echini, p, (57, 
pis. 23 & 2G (pars). 

Test moderate in size, thin, ovoid in outliiio at tlu^ iria]‘gin, 
longer than broad and broader than liigh; tumid abaeiimilly, at 
iihe sides ; low, broadest and tumid anteriorly, Ivighest and trun- 
cated posteriorly j with a backward and downward projecting 
actinal plastron. Anterior groove absent. 
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Apical system slightly exeenfcric in front, small, with four per- 
forated basals, compact (?). 

Atnbiilacra flusli with the test, apetalous, diverse, with high 
plates, broad actiiially, and the tentacles tufted around the peri- 
stome. The anterior ambulacrum narrow and with distant pairs 
of yery small pores; the antero-lateral widely divergent, the 
posiero-lateral closer. 

Peristome excentric in front, broad, semilunar, with a pro- 
jecting posterior lip. Actinal plastron projecting, and carrying 
small, short and crowded spines. Periproct small, oval, longitu- 
dinal, in the posterior truncation of the test, rather high up. 

A peripetalous fascicle, sometimes ill-defined, passing aroniid 
the apex about midway between it and the ambitus and crossing 
the ambulacra, without affecting their structure. A well- 
marked suhanal fascicle surrounding the blunt end of the keel. 
Tubercles small; spines small and short, largest actinally, 
especially in front of the peristome. 

Bccent. Caribbean Sea, 175-233 fathoms. 


The genus Cmiohrisstis, A. Agassiz, has one species, 0. reinncluSf 
wliich was dredged up in the Arafura Sea by Il.M.S. ‘ Challenger ’ 
from 800 fathoms. The species is described in the Report on 
the Echinoidea of the * Cliallenger,’ and a previous notice both 
of the species and genus will be found in Proc, Amer. Acad, 
vol. xiv. p. 200 (1879). 

The generic diagnosis reproduced in the ‘ Challenger ’ Report, 
p. 187 (ISBl), is mainly comparative. I give a diagnosis which 
has been abstracted from the description of the species by 
A, Agassiz, and tested by the drawings (Report, p. 187, 
pi. xxiii.). 


Quniis Cjonobrisstjs, A. Atjaask, 1879, J^roc, Amer. Acad xiv. 
p, 11, p. 200; 1883, Ite^ort oji ^ Gkallenger^ dJekini, p. 187. 

The test is of moderate size, long, subeylindrical, depressed, 
ovoid ill marginal contour, with a notcli in front and a beak 
behind, tumid above and at the sides, and with a convex actinal 
surface which is keeled broadly as far as a posterior beak. Test 
higbest in the posterior third, longer than broad, and about 
as broad as high; rounded anteriorly, whei^e there is a broad 

17 ^' 
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aiul 3 'atlicr det^p groove oxteiuling frt>i'n the apex to the peri- 
Hioiiie ; pcwteriorlj there h ii deeicled beak, above wiiicli in ilio 
periproet, circular In oiiiliue, and sitaia-ted in tlio posi»crior 
truncation. 

Apical »y«teui cxccut-ric in front; tliere are four plates, 
aiul they arc ])erroratocl by the generative duciiS ; the inadiH'rpo- 
rite is in the usual 'basal, and it passes ba(*kwards between ilic 
posterior biisals and radials iuto tlie posterior iuterradium. 

Hie ainbulacra dissimilar ; tlio anticrior is sunlccn, and there is 
a pair of iniiuitc pores to each of its plates. The other auibii* 
lacra arc subpetaloid, not closing, and in very sliglit grooves. 
Th(!; aiiiero-lateral arc the shortest and are nearly liraaisverse ; 
and ill all tlio iioriferoiis zoiios are wide, the pores being 
uneciual, and the interporiferous areas being very narrow. The 
exceedingly shallow ambulacra arc almost devoid of tubercles, 

Tlio interradia are unecjual, the posterior being the narrowest ; 
there are a few largo primary tubercles in cacli within the peri- 
pe.tulous faBcioIc ; elsewhere the oniameniatioii is of rows of 
large granules, but it is largest on the keel and the extremity 
of the beak, 

Peristome excentric in front, semi-lunar, broader than long, 
with a small posterior lip. Periproct small, circular, inany- 
plated, just above the plates surrounding the upper part of the 
beak. Beak blunt, slanting from below upwards, and with a 
comparatively level upper surface, 

Subanal hisciolo surrounding the base of the keel, ovoid, 
with the point downwards. l\a*ipetalous fascicle iibliquo, narrow 
and extending across thoendsof tlieandmlarra and ciiii.ing acrijss 
tlio nail orior groove far* aiiove tlie peristome. Tim stcn’iiuin arelnul 
and keeled. The iuborcles wil.hiu the fascioloH cxirry long curved 
spines, elsewhere they are shorter, except on the sternum. 

Ilecent, Ai'afura Hea, 800 faihoms. 

Alex. .Agassiz/iu his descriiitiou of the genus, nmuniis that the 
geaius forms a tramsitiou between his Ib’isHiiui amcl the Jhnirla- 
lesiidm. The groove of tho auterior amlmlaemm is fa.r less marked 
than in the Pourtalosiidm. The actinal surface is noi.i flattieiied 
in the last-mentioned family, hut arched. I1ie arrangement of 
the tubercles in the interradia within the peripotalons fasdole is 
like that of some species of Mdcdia. 

The genus Tuhrmkr^ 1885, Peron ot Gauthier, Bch. fuss, de 
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TAIger, fase. ix. p. 46, pi. iii. figs. 1-4, is not a satisfactory genus, 
and there is little evidence of an internal or of a peripetalous 
fascicle ; indeed, Humbert does not draw a siibanal. It is 
therefore not placed. If the fascicles were present, the genus 
would be Lovenia (see p. 263), and if absent, 

(p. 222). 

Genus Echinooaedium, Gray, 1825, Anmls Fliil . p. 8 ; 1855, 
Oat, Bee, Ech. Brit. Mus. pt. i. p. 42. Loven, 1874, 
Etudes, p. 55, pis. 3, 12, & 39 ; 1883, Pourtalesia, pis. 15, 17. 

Syn. Ampliidetus, Agass. ; Am^pJiidotus, Eorb. 

Test moderate, thin, cordiform or oval in tumid marginal out- 
line, gibbous, deeply and broadly grooved in front, truncated and 
highest behind ; broader than high, rather flat dorsally in front, 
high and broadly keeled behind the vertex, which is behind the 
centre. Act in ally with a tumid plastron projecting downwards, 
a prominent labrum, and a sharp end to the plastron behind. 

Apical system at the termination of the abactinal groove, 
excentric posteriorly, small, with four basals with large pores ; 
the inadreporite extending between and in the rear of the postero- 
lateral basals ; the radial plates small. 

Anterior ambulacrum in the groove j the pores small, single, and 
irregular, or in pairs sometimes biserial or alternating where 
included within the internal fascicle, and close near the apex, 
wliere tlie tentacles have crenulated or stellate disks with a 
central bulge and one or two large spicules. The pores are 
larger and more distant anteriorly, where there are simple 
locomotive tentacles with peripodia and penieillate tentacles, as 
actinally. Lateral ambulacra in slight grooves, txiangular in out- 
line, widely open towards the apical system, where they are 
limited by the internal fascicle, narrow distally ; the pairs of 
pores large and not numerous ; the outer poriferous zones form- 
ing an arch with a slight discontinuity j the tentacles branchial. 
Actinally tlie ambulacra are plain and rather broad near tiie 
peristome, bat narrow on either side of the plastron ; the peri- 
podia with capitate filaments. 

Peristome large, semilunar, with well-developed membrane- 
plates, which are largest anteriorly, the anterior lip at a much 
higher level than the posterior, which is pointed and blunt. 
Spheridia exposed. 

Iiiterradia narrow above, large actinally, all with a single 
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peristoniial plate; the plates 2 and of zone a ” of Use 
posterior inicmKliiiin united; an an'SphiHi.t'riimn. 

,'Poriproctj higli up in Use posterior taco, (^lliptiealj vertical, with 
wcll-dov( 3 lo|)c<l pli.ites, largest sit the edge,!. Tiilsejvles lairgin^t 
actiiuxllj, with sliort delicate, often, spjiiuhitc s|)iis,es, suialler and 
crowded abactinallj with sliorter and silky spines. 

Pascioles, au int/onnil, an anal not closing above, and a closed 
subaiial, including throe ansbulacrixl pores on either sides, belong- 
ing to 7lh to 9tli plates, wdtli ponieillato tentacles* 

Fossil, Eocene: ? Euro])o. Miocene : Eiiropo* Late Tertiary : 
England, N. , America. 

Ilecen'L N* Erilisli and Scottish, ssnis, N. ,Atl;nitic, IVTcditsu*- 
rinuaxn, Japsin, .li Indian seas, .E. Africa, (hijie ol‘ (iood il.n|)C, 
Australian and N, Zealand seas, Eloj'ida, K. &S, Carolina, , Brazil. 
Littoral to 2075 fins. 

Genus Breykta, Desor, 1847, Anji, Sc* WaL Zool. ser. B, 
Yol. viii. p. 12. Grai/^ 1855, 6V/. Fee. Feh, Brit. Ilifs. pt. i. 
p. 4i5. A. Affamz, 1872-4, Meekion^ p. 578. Boven^ 1874, 
Miu4es^ pL 41 ; 1883, Fourtalesia^i^, 55. Buncmi (.J* Sladcn^ 
1885, Pal. Iml ser. xiv., loss. FcJi* W. Siml, p. 342, pL Iv. 

Test moderate and large, tided?:, ovoid or cordiform in tuinid 
marginal outline, clo|.»ressed,ilatly arched dorsally, highest behind 
the centre, roinidcd and notched in front, obliquely truncated 
behind, actinally resting on a spot anterior to the peristome, and 
on the posterior point of the small triangular plustron. 

Apical system in front of the vertex, small, with four basal 
plates; the madreporite separating the basal jdabes, a-nd ex- 
tending posteriorly and separating the posterior radiaJ. platcss. 

Antiorior ambulacrum in a more or less decidwl gr(K,>ve, which 
notches the antei,io:r part of the test, the eirigle pores nunu'roiis 
(lorsally ; tentacles long, slender, truncated, and with small pre,)- 
cesses ; and Ixyaud the crossing of tlio inner .tasciole, anttudorly, 
the pores arc larger and’ more distant. Lateral junbulacra trian- 
gular beyond the internal iasciolo, w.ilh, few sma-ll single porc's 
converging to the apical system, within its area; the c>ute:r series 
of pores in pairs large and separated hy costan The antm'o- 
lateral ambulacra nearly transverse, the postero-lateral straight 
or wavy and not very distant distally ; pairs of pores as in ilie 
antero-lateral ambulacra, Actinally the posterior ambulacra 
have wide zones which limit the plastron. 
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Lateral interradia with large plates next to the very small 
peristomial ones ; plates 2 and 3 of zone '' a” of the right pos- 
terior interradium united. Posterior labrurn elongate; sternum 
symmetrical and small. 

Peristome semilunar, oj)en, the margin nearly formed by ain- 
bulaeral plates, the interradial plates just entering or not, except 
the posterior, which forims a labrum. Periproeb in the posterior 
truncation, in a depression, ovoid. Tubercles small upon the 
actinal surface and on the margin. Several large perforate 
scrobiculate sunken primary tubercles, their mamelon small and 
doubtfully creniilate, in all the interradia, except the posterior, 
dorsally. 

An internal fascicle closed; a subanal, broad, closed, environ- 
ing six of the ambulacral pores on either side beyond the fifth 
plates ; a peripetalous fascicle passing beyond the petaloid parts 
of the ambulacra and limiting tine great tubercles. 

The spines of the largo tubercles, none of vfliioli are on the 
posterior interradiiun dorsally, arc long, slender, curved; the 
actinal spines very small and slender. 

Mssil. Miocene : E. India ; Europe ? 

Mecent. Eed Sea, Japan, Sandwich Islands, Australia. 

The species said to be Eocene by d’Arehiac and Haime are 
now known to bo Miocene, and the species described by 
M. Cotteau from the Antilles are not members of the genus 
according to Desor. 

Genus Loveota, Arjmsiz Desor, 1847, CafuL Mats., Ann, d. 
Set, Nat, voL viii. p. 10. Grai/, 1855, Cat, Bee, Dch, Brit, 
Mns, pt. i. p. 44. A, Agassis, 1872-74, Memsion, pp. 139, 
574. LoviU'^ 1874, Etudes, pL xliii. Duncan, 1S77, Quart. 
Jotirn, QeoL Soc, voL xxxiii p. 58, pi iv. figs. 5-8. McCog, 
1879, Pal. Vut. GeoL Surd, deead. vi. p. 37. 

Syn, Sarselh, Pomel ; Tiiberaster, Peron ? 

Test moderate or rather small in size, variable in thickness, 
thin or rather stout, cordiform or ovoid, depressed or rather 
tumid in the thick forms ; an anterior groove and a posterior 
tniii cation. 

Apical system excentric in front, with four perforated basals, 
and the madreporite separating the posterior basals and radial 
plates. 
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Ambulacra ilivcrHO, interfonnl wiib by (lu^ iniiiTiia-l faseiole ; 
ktcral petaluid ainbubicra flihsh, wilb llu^ porifcTouw sunken, 
witli tl'ieir outer porii'eroim icones fonnin,^; a moro. or less (‘roH- 
ccmtic tract ; tho aiikvrior poriferous zoiiow of itic^ nniiU‘ 0 “hitorjii 
petals nearly transv(;rso, aiul wiih |)airs of pores ition^ or li'ss 
aborted witbiu tlie :fas(‘.io](\ Autorb)!* juubulacrutu i.ii the groove}, 
narrow, with Bimdl |>airs within tlie fasciolc. 

Peristome exceiitrie iii iroriiij snln'inmlar or semilunar, iilie 
lahnini narrow but very long, followed by a small amisbisteriuim, 
wbichjWitli the adjacent broad ambulaeral ar(‘as, forms a wide s|)aec 
comparatively free from tiilxuvlos. lairge i;uberch‘s, arluietimilly, 
varying in number, Berobi<mlat{^, erennljifc and ])(M*fora,t(Ml on i.h<} 
interradia except the posterior; in tlio ibiii tests iiu.t serohicules 
form |)romineBt paiis (^^ pupses ”) within the test, but noto>r only 
slightly in thick tests. 

InkuTadia with the second and tliird aciinal pbii:cs of ibo 
lateral interradia very large ; and union of the plates 2 ami II of 
y.oiie a of the riglit posterior Interradiiim. Feriproct large, in 
the posterior truncation. 

An internal fasciolo crossing tlie petaloid jiarta of the antero- 
lateral ambulacra, and bounding tlie anterior groove and crossing 
tlie anterior odd ambulacrum. A subanal fasciole including the 
6-9 inner ambulaeral plates, three or more pairs of pores being 
large and within the elongate transverse fasciolar area on eiilnir 
side. 

Spines, pointing backwards, long and slender actinally and 
latem]ly„ sliort elsewliere, those within the subiimil area pro- 
jecting backwards in two tufts. Anal platcvs lai^gc msar iho 
dixiimtimnim, 

JfomL Tertiary: Crimea, Corsica, Malta, Algiers, Java-, Aus- 
tralia, Now Zfoaland. 

Metmi. Gnaya<|ui!, Gulf of California, Fed AuHt^ralia,, 
Pliili|)pincs, Arafura Sea, Capo of Good Hope, China, 4'apan, 
Sandwich IslandB. 10 to 2H fiUM. 

The small forms with thick tests fomnl in the Auslralhui 
TertiaricB show slight vestiges of the iiitermil scrobicular pouches, 
so that the genus has been modified in 1877 to rccc'ive them; 
there is no room for a new snbgenuB, Bueb, as Samilh, winch 
would include such forms according to M. Fomcl (Theses, 1888, 
p. 36). 
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The Spatangits referred by Dr. Wright to 8, ocellafus^ Desor, 
from Malta, is a true Lovenia.^ 

The jumble which some palmoutologists have made of Lovema, Sarsella, 
Maretia, and Hemipatagiis is great. It is necessary, in the first instance, to 
consider Sarsella maurltanica, Pomel, quoted by M. Cottean, Ech. foss. de 
TAlger. fasc. ix. 1885, p. 86, pi. i. M. Pomel diagnosed Sarsella as a sub- 
genus of Lovenia without the internal swellings of the test. It has been 
shown that this character depends upon the thiclaiess of the tests and is 
not more than of specific value. On page 37 M. Ootteau tells us that 
Les fascicles [in the species under consideration] ne sont visibles sur 
aucun de nos examplaires, et malgrc robliteratiou des pores, pres du 
sommet, nous ne sommes pas absolument certains qu’il y ait eu un fasciole 
interne. . , . Aussi avons nous longteiups hesit5 au siijet de rattribuiion 
gencrique do cette espcce au genre Sarsella ou au genre Maretia*^ Further 
on M. Ootteau states: — " M. Pomel tout en rapellant en tete de sa description, 
que son genre Sarsella est muni de ce fasciole, n'affirme pets neUe7ne7it r avoir 
distingue sur ces cxemglaires^ et il n’eu donne aucun detail.” Now, although 
M. Ootteau had this knowledge before him, he did not put the subgenus 
on one side, but recognized it as a genus. The paleontologists, Messrs, 
Etheridge, MoOoy, T. Woods, and the author of this Revision, who 
examined and described the Australian Lovenue and classified them, have 
then little to tliank MM. Pomel and Ootteau for, in removing their well- 
established genus and species to a subgenus or genus wEich has not had 
its type suillciently defined to bo of the slightest value. One would have 
thought tliat tlie absence of fascicles and the general appearance of the African 
species would have been of some weight wlien M. Ootteau. after doubting 
between Lovenia, Sarsella, and Maretia, tliought of Heimpatagus, Posoi*, as a 
possible genus. He considers, however, that the resemblance is ‘‘ assez loin,” and 
adds that the two types belong to different horizons, and in fact are very easily 
distinguished, He then gives the distinctions to be the variation in the number 
of the large interradial tubercles, their being higher up in the African form, 
and this is also less swollen. Now these are no distinctions ; and from 
Humbert’s usual good drawing there can bo little doubt that an internal 
fasciole never was present in many, that the petals arc unlike those of Lovenia, 
and tlnit there is groat doubt about a subanal fasciole. 

Sarsella therefore is not a good group, and whilst some of its species would 
be true Lovenia, such as the Australian, the type S. mauritanica, is a 

Hemigalagus, 

M, Pomel has found out that Bregnia sulcata, Haime, is a Sarsella, He has 
never seen the type, and I have had that advantage, and have not the slightest 
doubt that he is mistaken, and that it is one of the most typical of the genus 
Bregnia, 
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17. BiviMion Ap e I a I it. 

Bpatangoidca with lliiwli, apcialouH, and gc'iK^rally iiiiiporoim, 
atiibiilacraj siiiu'Jar or may '])C diverge; i)hiteH high, ftnv, ijfiini 
liexagoiial. Apiral Hyatom UHiia]lj<dlun()j)}u'Jud; ; phyllodiaiU pedi- 
c(‘ls wit'll a, simple aiargiiuil row of tilamonia. .Fa-acIok’H present 
or abs^eat, 

Sectioa AnicTf^as, 

Cl eii u s ( Um wopa/aijm. 

P((/f(*ohrlssus\ 

SlM^t ! o n P li Y M x\ A I ) K'r K S , 

(hauls Jc(\sfo, 

Airope, 

Sia'tion P ey m n od ks m i A . 

(h uus Oridasler, 

Paheotropns, 

UomoltmvpaSn 

Aftjopaiagus. 

CkdslcchmuB. 


IT. Division Ape tala. 

Section Adetee. CWitliout fascioles.) 

Qeims Oekicopataous, A. Jrjassk, 1879, Broo. Am. Acad. xiv. 
p. 210; 1881, lleport on the ^ChaUenijer^ BeJimi, p« 161. 
Lod(% 1883, FoiirfaleAay pp. 00, 76. 

The test is iiiodcrato In size, circular in outline at the amliiius, 
ratluu’ flat and dejionding pontcriorly acdlnnlly, iuniid ahovc*, 
hoing highest and nloping roundly and Bharply p(>ai<n‘iorly aiiid 
gradiuilly in front, nearly hemispherical in ouiliue at tin', Hides 
and over ilie top, The apex of the tc'sfc is far bjick, and there in 
the apical Bystmu. 

Apical Bystoni with three perforated basal plaics and a largo 
rig'ht aiite;rO“lateral basal with the madreporite, without a pore 
for the genital duct, and a small accessory inrpcirforate plai-e, 
possibly a posterior basal, placed dose to the Idl postm’lor 
basal. The madreporite is reBtricted to the anterior part of ihe 
right anterior basal, which sejiarates the posterior basals ajid the 
posterior' radials. Eadial plates well develop ed and perForatedj 
their pore being visible from above. 
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Ambulacra similar, apetalous, flusb, with high plates ; tbe an- 
terior is long ; tlio autero-lateral ambulacra are sliglitly arched, 
coucavity in front, and the posterior are ■wide and ornamented 
on either side of the plastron ; number of plates small ; zones 
increasing in width to the ambitus and then diminishing to the 
peristome. Pores solitary. Tubercles in the ambulacra small 
and from one to four to a plate with miliaries. 

Interradia wide, especially the anterior, with hut few plates, 
and these are high and carry several tubercles, whicli increase in 
number and size actio ally. 

Peristome excentric in front, semilunar, with a broad, long, 
posterior labrum. Large pedicels around the mouth. The 
sternum is low, and with a true plastron (amphisternous) on 
which the tubercles are slightly crowded. There is a slight pos- 
terior actinal heel. The periproct is small, posterior, and either 
close above the ambitus or at a little distance from it, and 
superior to a projection. 

The spines are small, straight, cylindrical, and largest actinally ; 
all are short and delicate. There are no fascicles. 

Becent, Antarctic Ocean, from 1950 fathoms. 

A. Agassiz remarks that the sha}.)e of the test varies, and some 
young forms arc conical; but with ago the test is more de- 
pressed and the keel becomes prominent, whilst the periproct 
gets nearer the ambitus. 

The colour varies from violet to a dirty green. 

Tlie ambulacra of this genus are narrow in relation to the in- 
terradia, and in both areas there is a remarkable paucity of 
plates, and as the apmx is far back the anterior ambulacrum is 
long, and the anterior interradia are large. 

The ambulaeral pores are shown to be single in the drawing 
given by Loven in ‘ Pourtalesia,* p. 70, and it is evident that 
tiiere is some variability in the structure of the apical system 
(see A. Agassiz, Eeport on ‘ Challenger ’ Echini, pi. xxxv a), 

A, Agassiz considers that Qenicopatagus has striking affinities 
with Ilolader, Oardiastcr, and Toxasier. He notices that the 
ambulacra in Qenicopatagus are slightly sunken as in Towasiet\ 
that their structure is that of Cardiaste7% and that the outline of 
the test recalls that of Kolaster. He shows that the genus 
differs from Balmopneustes. He considers that the apical system 
is more like that of Oardiaster^ not being so elongate as in 
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Ilolmier, The ilafj acti'nal surface anti tlie globular oiiiliiio 
rciniiicl that a-uthor of Oanliaster, but the artiiiostoino is more 
e<‘iitrjil tliaii in Onnlkisfer, 

Lovells ^lV)urtaleyia/ p, 00, notices that Genieopaitigu^^ in 
common wi ill the other abyssal genera, is apetaloiis ; the ambu- 
lacra are iliiab witli the lest, iiiid only contract up to the top. 
llie plati^s arc few, as high as they arc broad, or nearly so, arc 
regularly hexagonal ; the [lores are very minute, and placed eeii- 
t rally or subeciitrally, and tlic pedicels are sinaJl and simple. 
The description, given liy Loveu ([>. 7()) of the apical system of 
Genicopalatfus a /Jink, A. Ag,, we have la-kim to be generic in 
|)Ttderen(*e to the delineatiou and descriplion given in ihc filial- 
lengia*’ iteport, for it is [iroba/blc that the specimen therein 
described was imperfect. 

Cxeirus Pa Ills sirs, A.Apamz, 18811, Ueport on ^BlaJce^ iEnpiuL 
JCck, 2l[em» Jilos*. Comp- 7mh Ilarv, voL x. no. 1, p. 56, 
pL xxiv. 

Tost moderate in size, ovoid in marginal outline, widest an- 
teriorly ; narrow and truncated posterioi*iy ; tuniid but depressed 
(lorsally, nioro or less Hat actinally, projecting downwards 
■|)ostcriorly. 

Apical system exeentric in front, at tlie vertex, small, compact ; 
four basal plates in contact; the genital pores small in the 
anterior pair and large in the posterior basal plates; radial 
plates small. 

Ambulacra diverse, flush, apetalous ; the anterior •witli small 
distant pairs of pores ; ilio paired ambulacra widdy open al; tlio 
ambitus, increasi,iig in breacltli from the apex, the pairs wide 
apart, few, tlu3 pores largo and circular, rcmoi;o 'from the apmx, 
actinally in perii'iodia. 

Interrudia with, numerous plates, with distant primary tu- 
bercles, smali and o'f uniform size, but increaHing towards the 
ambitus ; miliarics between j primary tubercles closer aeiiiially, 
but the ambulacra are bare. 

Peristome semilunar, cxeontrie in front, lalinim projecting; an 
arnphistonuim. Periproct circular, low dowui in the jiosterior 
truncation. Tentacles of the abactinal pores broad, flat, and with 
small disks, the actinak fimbriated. 

Primary spines small, slender, straight; miliary spines one 
third of the length of the others; short-stemmod, stout-heacled 
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and large-lieaded tridactyle pedicellaria) on tlie ambulacra ; scat- 
tered upon the test in*egularly are long-stemmed, large, slender, 
open-headed tridactyle pedicellarisB. 

Becent. Caribbean Sea, Barbados, 82-185 fathoms. 

Section Brymnadetes. (Subanal fascicle absent ; peripetalous 
fascicle present.) 

Genus Aceste, Wj/v* Thomson, 1877, Voyage of the ‘ Challenger,’ 
Atlantic, Yol. i. p. 376, figs. 95, 96. A. Agassiz, 1881, Begort 
* Ghallenger ’ JEcliini, p. 195, pis. xxxii. & xxxiii a. Loven, 
1883, Fourtalesia, pp. 53, 88, pi. xx, 

Test small and moderate in size, long, low, narrow, and ovoid or 
obcordate in marginal outline, broadest anteriorly, where there is 
a large deep groove dorsally ; narrowest posteriorly, and more or 
less vertically or obliquely truncated there ; test rising gradually 
from the anterior part to the posterior, gibbous vertex ; tumid 
and broadest near tlie dorsum, narrow actinally ; the broad 
abactinal groove extending far back from the anterior notch. 

Apical system very exccntric posteriorly, placed at the vortex, 
small ; two basal plates, each with a large genital pore ; the 
madreporite small, and either between the plates or in the right 
anterior basal plate ; radial plates small. 

Anterior ambulacrum very broad, placed in the anterior groove, 
commencing far back ; the plates very broad, low, numerous ; the 
pores simple near the apex and double along the abactinal groove, 
single actinally, rows distant. Antero-lateral ambulacra flush 
and apetalous; long, narrow, with tall, narrow plates; those of 
the anterior zone are small and uniporous; the plates of the 
posterior zone biporoiis. These ambulacra pass along the outside 
of the antex’ior groove to the anterior third of the test and then 
over the flanks to the peristome, and they are directed almost 
transversely ahactinally. Postero-lateral ambulacra broader than 
the antero-lateral; plates high and narrow ahactinally, flush, 
apetalous, and imiporous ; actinally the plates are large and 
long. 

Interradia : the antero-lateral narrow, the postero-lateral 
broader, and with the plates 2 and 3 of zone a of the right 
area united actinally. 

Peristome quite anterior, vertical, at the anterior and actinal 
end of the groove, elliptical or subpentagonal, with a plated 
membrane, the lai^gest plates towards the outer part ; mouth 
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siibcciitral ; tlic anterior margin formed liy broad ainbiilacral 
plates; poristoioial intcrradial plaies very narrow ; tlic labniiii 
narrow, long, projecting slightly; a true am])liiBtoiiiuin, 'wliich 
is large aiul proiniacut. Phyllodiaii pedicels -with a double? 
marginal scries of circmnfereiitial filaments and a central livo- 
partite bulge, 

Tlic ornamentation is small and miliary wiilnu tlie great groove; 
small primary tuboi'cles at tlie edge, larger beyond tbe fasciole,, 
and increasing to and over the margin of tlic test, crowdeal on. 
the sternum, usually several tubercles on a ])late ; ainbubicra 
bare actinally. A perijielalous fasc-iolo close to tbe sides of tlio 
groove! abaictimilly, crossing it in front and passing over the lest 
bei.ween ilie apical system and the posbna'or e^xliamniy, and 
crossing the latcu'al ambulacra not far iVom the apical sysitmg 
and noii inteiTering with tlio continuity of the pores, 

Periproct in tlie posterior truncation, circular, wiili numerous 
eonceniric anal plates. Spinels short, some larger and spatbiform, 
crowded on either side of the abactiiial groove and upon tbe 
Btcrinun, those sinToiinding the periproct long, bent, and poinl oil ; 
other spines smaller and curved. Some minute muslrroom- 
sbaped spines in the anterior groove. Large tciitaclcswiiliin tlio 
fascicle and in the anterior ambulacra,, with li uge disks, fur- 
iiislied with very numerous radiating, narrow, piointicd supporls 
in a circle. 

lleceMt. Sandwich Islands to Low ArchipebTgo, Piienos Ayres 
to Tristan da Cunlua, Canaries; GOO- 1900 to 2000 fathoms. 

d1i(‘ g'Mius Jerop/i lia-d a, snmewliat remarkable origin. Tlie 
* Cha-llengt'r ’ Plxpeddion slarled id; the close of t lu' )’ea,r 1S72, and 
wbilsi- in the Pay ofPiscay, in i luit year, iua^rmling ilici Ib^pori 
on ilu^ ‘ Challcngm*’' Ecliini by A. Agassiz, IKS I., p. 101-, a- sjiecies 
of the gtmus was drcdgiu'l, iuul a similar form was got. .from t.b<‘. 
cea^si of Portugal in 187^1. IMothing was lu^a.rtl of 11 k! 
ordinary form, Jiud no notice was publlHlual o'f it, until Hir W'y villti 
Tliomsoniu 1877 descrilmd other spocimens, u'b,!ch wciro dred’f»‘mi 
in May 1873 betwecMi Benrudn and 130 mlh^s B.PI of Handy ],look, 
These specimens were dcscrihed in Sir ’Wyvilledliomsoifs unofli- 
cial work, ‘ Voyage of the Challenger,’ Atlantic, i. p. 380, fig. [)J) 
(1877), The description given is of a sj)e(*ies, not of tlie genus. 

In 1877) the ^Valorous’ sailed with the hite Dr. #11 (Iwyn 
JefiTCys. and Mr. (now . l)i\) Herbert Carpenter, and in a deep 
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dredging in Davis’s Straits an unknown EcMnoderm was got. 
Tliis form, witli a great number of Invertebrata, vras confided to 
the Eev. A. T7ormaii for description. In J une 1870 Mr. Norman’s 
report was read before the Eoyal Society, as forming part 
of that of the director of the Exj^edition (Proc. Eoj. Soc. xxv. 
pp. 202-215, June 1876). The notice is excellent, and it is stated 
before the description, “ a remarkable new genus of Echiiioidea 
occurred here.” On p. 212 it is written, “ This new and most 
interesting form will be named Aerobe rostrata by Sir W. Thom- 
son and there is a footnote, “ When this description w^as read 
I had suggested a name for the present species ; but having since 
learnt from Sir W. Thomson that it has also been procured in 
the ‘ Challenger ’ Expedition, I gladly adopt the above name 
under which I found that he was about to describe it.” The 
‘ Challenger ’ returned in May 1876. 

Sir Wyville Thomson handed over the Echini of the ^ Chal- 
lenger ’ to their able describer A. Agassiz in 187G, who pub- 
lished a differential and critical definition of the genus Aerope 
in the official report, 1881. 

He left Mr. Normau out of the matter, and his references 
to the Eoyal Society’s Proceedings by mistake relate to Sir 
W. Thomson instead of Mr. Norman. A. Agassiz wrote, ‘Chal- 
lenger ’ Eeport, p, 190, that the genus was first described 
by Sir W. Thomson in the Voyage of the ‘ Challenger,’ vol. ii. 
p. 28 (correct reference vol. i. p. 380). There is no doubt 
that A. Agassiz had not had the opportunity of knowing that 
Mr. Norman’s description was the best and eaidiost. 

Genus Aerofe (described without a name, 1876, A. N'orman, 
Proo. Boyal Soc. 1876, p. 21 1), TFyv. Thomson^ 1877, Voyage 
of the ‘ Ohallenger,^ Atlantic^ vol. i, p. 380, fig. 90. A. AyassiiC, 
1881, Beg)ort on the ‘ Ghail&nger ’ Bahini, p. 190, pis. xxxiii., 
xxxiii a. 

Test small to rather large, rather stout, very elongate, generally 
cylindrical, higher than broad, oval and acuminate posteriorly, 
slightly rounded in front in marginal outline, and sloping anteriorly^ 
highest centrally, and convex aetinally behind tlie peristome. 

Apical system excentric in front, within the anterior slope, 
with four basal plates, perforated, the ducts ending in as many 
tubes ; madreporite iu the right anterior plate extending to tlm 
centre; antero-lateral radial plates small, and separating the 
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lateral basal plates, bnt not uniting eenirally in consecjiuaic'c 
of ilie iinwiit'porito. 

Anterior atnhiilaernrn in ibo front |>artorihecle|)roNsion, la/rger 
lluwi the oilua.’w ; He rows of pairs of pores farapjai’t aaid i.he pores 
lai“ger tlnui those of the otlicr ainbulaera. ^fhe tiiiica'o-lateral di- 
vergent,, and the postero-lateral passing htutk af a small a.ngie 
and very long ; 1)otih narrow, {lush, npetalous, with small plates, 
eacd) with a pair of ])ores above the andjitiis, and with la,rgc 
pores in peripodia ai’omid tlic p(‘risioine; the phitcs of the 
posterior pair very long aetinally on either side of the sternuni ; 
pairs of pores very few in number. 

Intemulia with very much larger ]>la,tcs than tlie aiinbulaei’a,, 
tlie posterolateral very broad, a long narrow peristomial phittoiii 
front of a true and more or less keeled ainpliisterniim j other 
pcristoniial plates narrow. 

Peristome exceaitric in front, circular, with the la.1)riiHi 
projecting on a lower level than the opening. Pcriproct dorsal, 
fliisli, and e]li])tical, pointed forwards, somewhat remote from tlic 
posterior end of the test ; membrane with concentric plates. 

Tubercles small, somewhat numerous on the abactinal inter- 
radial plates, one on each ambulacral plate dorsally, largest on 
the sternum. 

A. broad fascicle extending obliquely from close behind the 
vertex, wbicdi is subceiitral, around the edges of tlie anterior 
depiessioM and curving aetinally close to the anterior margin, 
crossing the ambulacra and including a broadly (!lJi|)tical sj.uu^e ; 
apparently the por(?H of tlie paired ambulacra ari^ uni porous below 
the fasciole, 

A f(wv very largo diseiferous ientaeles in two rows in the 
anterior ambulacrum ; a, ml some large pcmicilhdo Itmlmdes 
aronml tlie p<u*iHtoino. Hpiru^s, soim^ cluh-slmped, the others 
acuminate cylindrical ; tlie ilrst kind <jommonost ael/inully a,!id 
behind tl, lo fa.seiol(g spathiform, and largo upon the sierniun, 
hollow, longitudinally ridged. 

Bomit. Davis straits, Day of Biscay, coast of Portugal, 
E. coast of IT. States, IrlO miles from Sandy Hook, Ai’afura Sea.. 
800 to 1750 fathoms. 

In the beautiful drawing given in the * Cliallengcr ’ Koport, 
pi. xxxiii a. fig. 10, there is a possibility of the oxistenca*. of a 
fifth imperforate 'basal plate. It is veiy important that separate 
descriptions of tlic specimens from Davis Straits ^ and the 
remote Arafura Sea should bo presented to sciences 
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Section Fyrmmclesm ia. 

(A snbanal fascioie, others may be present.) 

Genus Otcjlastee, Coitea%(^, 1884, Btill, Soe. Zool. de Franoe^ 
vol. ix. p. 328, Seimes, 1888, BtdL Soc. G-eol. M\ ser. 3, 
voL xvi. p, 803. 

Test of moderate size, tliick, elongate, rounded and slightly 
enlarged in front, sub -acuminated and truncated behind, slightly 
keeled above and tumid actinally, very faintly grooTed in front. 

Apex very exceiitric in front. Apical system with the four 
lateral basal plates in contact, the madreporite in the right an- 
terior plate. 

Ambulacra dissimilar, flush with the test and apetaloiis ; the 
anterior narrow, and its pores less apparent than those of the 
others. Antero-lateral ambulacra very widely divergent, with the 
poriferous zones arched concavity forwards. All the paired am- 
bulacra are narro^v, barely fiexiious and very angular at the apex ; 
poriferous zones composed of small pores lodged in fossettes, 
arranged iu close pairs near the apex and much more distant 
towards the peristome. The pores open cjiiitc at the base of the 
plates, which are tall« 

Tubercles abundant, scrobiculato, the intcraicdiato granules 
homogeneous. Tlio peristome is subcircular, slightly suuk:en, and 
very exceatric in front ; the sternum long and sub-pointed. Tlio 
periproct is oval, high up, and is near the summit of the posterior 
surface. A siibaiial fasciole. 

MssiL Cretaceous : Europe (France). 

Genus PALasoTEOX'US, Loven^ 1872, Etudes^ p. 17, pis. xii., xiii., 
& xxxii. A, Agmsh^ 1881, Bepori on Ohallen(jer ' 
p, 157 ; 1883, Meport on ‘ BUhe ' BoMni, p. 54, pL xviii. 
Loiuhi^ 1883, Pourtaleua^ p. 78, fig. 208. 

The test is small, has an ovoid contour, is uniformly tumid 
above, moderately convex below, and is slightly flattened poste- 
riorly, and well rounded at the sides, smooth. 

The apical system is slightly excontric in front, consolidated, 
and more or less pentagonal. The basal plates are fused in a mass, 
and there are no sutui^es ; the madreporite is indicated by a fissure, 
or by pores near the position of the right anterior plate. The 
radial plates are distinct, small, and perforated, and the posterior 
pair are separated. There are but two generative ducts baving 
their pores at the topsnf two large tubular eminences. 

■him. joiFEJX.— zoonoax, Ton. xxai. 18 
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The aiiibiilacra are flush witli tlu) test, apctaloiis, ami. tlie live 
or sis plates nearest the apex ai*o small, in a single scries ; lo'wer 
down anti to the periatomo there is a tlouhlc aca.‘icH of ainbulacral 
plates. Tlicro is but o.uc pore to a [>hfl-o except t\,t the [xvri- 
stoinial edge, wlierc iliorc arc two in, some phitos. A. subcircular 
siibanal fasciole only. Tlio .internal p,Iates (>, 7, 8 of tlic broarl 
bivium are eloiigato and are witliin tlie epistornal angle in 
relation to tlie fusciolc, and plates 7 and 8 ba,ve their poi‘cs 
transposed to the cpisternal side of the suture. Phyllodian 
teiitaeles with a single marginal row of iilaineiits. Tubercles 
small, several. o.n a plate, .largest actiually. 

Peristome widely open, more <„u’ less semilunar, with a small 
labruin. The second and tliird plates of KO,nc a in the right 
posterior in terradium arc .fused, An amphisternum, and the cpi- 
stemiim is syinraetricai and well developed. The -periproct is 
oval, longi,tudiiial, placed towards the middle of the posterior 
face, and it is comprisoil within tlxe lirst live abdominal plates, 
being separated fro, in the episterniim by one double plate only. 
Oral and periproctal membrane-plates well devoloped. 

Beoent, Azores, 250 fms. ; Caribbean Sea, S2~-2'.l!2 fms. ; be- 
tween Bermuda and mainland, 238 fms. ; P.lnlippines, 375 fms. 

The typical species is P. JoaejjJmice, .Loven. 

The interesting typo of tliis genus w^as dredged off' tlu^ ff ose- 
pliiiie "Bank, and it measured ehw'Cn millimctr^^s. It \va.s doii!)t- 
less iiumatiire, and upon tlie admission of tlnit supposition 
changes will prol)al),ly have to be made in i'hc dijiguosis. Otlic'.r 
specimens Falcmir opus JoHephliu.c^ Loven, liavelnum d.iHeov'ered 
in the Caribbean 8ea; and A. .Agassiz wrote upon them in the 
^ Blake’ BxpediiIo,n, .EepoHM),n the .IMuni, p. 53 (1S<S3)* A small 
Bpeeimiv!,iL 10 milliim in lirngth did ,m>t differ !n).m tlm.t figured by 
Loven, 

Older B|)oeiine,im menHuriag 23 jnillinn .in length (plate 
xxiii.) fire comparatively lens globular and more (latteiUHj, Imt 
otlicrwiso dt,> not vary greatly in ap])eai'a,m*e from tlie yi,uiiiger 
Bpecimens. 

A* Agassiz roinarks that there is lii/tlo iliiTereiicci i,n the 
armiigement of the ambulacral plates in young a.nil old speci,- 
mens ; but ho lignros the ambulacra of Iris specimens with double 
plates near the apex. There arc only two generative pores in all 
the types, and A,gassiz remarkB on the presenceof the basal 5. On 
comparing the drawings of Bulmtropm Imephmm in the * Blake 
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Ecliini/ pL xxiii., tbe clisfcinetions between tbem and those of Loven 
seem remarkable. The apex is very excentric in front in the speci- 
mens figured by Agassiz, the ambulacra are double near the apex, 
the apical system is longest transversely, and the fifth basal is 
visible. The shape of the mouth and of the anus, the visibility 
of the pentagonal fascicle from below, and indeed the shape of 
the test as a whole differ in the two forms. These are startling 
differences to find in the same species. 

Agassiz mentions PalcBOtropus Thomsoni^ and the diagnosis he 
gives Blake Echini,’ p. 55) shows that the form differs most 
strikingly from all the other specimens of Pal(SOtroims. It is 
closely covered with uniform tubercles on the abactinal side, and 
has a proportionally greater number of coronal plates and a 
high test with a keeled posterior interradium. The apex is 
more posterior than, in P. Jose^MncB. He remarks that the 
species diiiers most strikingly from all the other species,” and 
refers to the bare posterior lateral ambulacra actinally, the very 
elongate plastron, and the longitudinally elongate fascicle, Ho 
illustration is given of the species, which was dredged from a 
depth of 233 fathoms between Bermuda and the mainland. 

Another species was described by A. Agassiz in the Report 
on the ^ Challenger ’ Echini, p. 158 (1881). In this, PalmotropuB 
Loveni^ there are three generative pores and no fifth basal; the 
mouth, anus, fasciolar space, ornamentation, and the shape 
differ from those of the original type; moreover there is a 
wide anterior ambulacral groove drawn on plate xxi. fig. 6. 
As this form came from the Philippines, a considerable departure 
from the type was to be expected. Consideiing the history 
of JSeMiasier^ it may belong to Loven^s genus. 

Genus Homojdampas, A. Agassiz^ 1872-74, Momion of the UcMni, 
pp. 347, 562 ; 1881, Report on the ^ Challenger ’ Rchini, 
p. 168 ; 1883, Report on ^ Blahe^ Echm% p. 87. 

Syn. LmonotuSj A. Ag., 1869. 

Test large, elongate, cor diform, notched at the anterior mar- 
gin considerably, and less so posteriorly ; depressed, longer than 
broad, broader than high, and broadest and highest in the 
anterior third. Tery flat actinally, but with a keel in the median 
line of the plastron. Highest anteriorly, where it is boldly 
curved and precipitous, and sloping gradually posteriorly to the 
short truncation. A broad anterior groove. 


18 ^ 
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A|)ii*al yjijtieiii very e,xeeoi:rie in iVont, wiili fcnir portbratcci 
liawnl |)l:itew ; iilie inadri'porite iargOj in t'lui n^uiil Bi^paniiing 
i'lic latcra'I ba^alH and t-'hc pontorior radia.l platen atul extciuliiig 
baekwardn. Ibiilia,! platen Hiiiall, ami dlwiant. 

Aiiil)uia,cra a|)etaloiis, ii,niporouH; tlio ankrrior anibiilaeriiiii is 
ill i-lit} aailerior gr(a.)ve; ilui 'lateral ainbidaera are widely sc|)ar' 
rated, noiriewliai. wa;ved, widen from tlic apical Bjstein to the 
am’biiiiin, ami tlieiico they become narrow to the peristome. Tlic 
posiero-hiteral arc very long. The plates are rather bigli., and 
t'lic pores iin) m simpie series. The interradia are broad and 
lsa.vo largi,^ piaftes. Tiie ■peristome is scmilimar, with more or 
lews roniidcd anglers. There is a tliin labriun. 

Tlic^ |)lasii’o,n is amphisleruous, Is covered 'wiili a tuherealar 
ornamental, ojp and is bounded hit(yral!y by i'lie broad, and com- 
parativm'ly bare actinal. plates ot“ the posterior laieraii ambulacra. 
Tlie poiiproci:- is small and oval, longest nearly vertically^ and 
situate iu the poste:rio.r :taco close above the margin. 

Tlio ornamcntaiioii of the intcmidia abaciiually is of a few 
iargf3 primary tubcreloB much larger than any otliers, and there 
arc secondary tubercles mid 'mIli.arios in abandance, Actiiially 
the primaries arc smaller, arc surrounded by a sunken serro- 
biculOj and tlsis is also seen from within the tost as a siiukmn 
“purse,” as in Loveim. The spines of the large tuherelcs are 
gigantic and curved, and those of the sni,alle-r tiil,)circlt's are 
small and curved; t'hoso of the aciliiai side are sputhiform. 
Tlicn,'e is ii siibiuuil ■fa.!4cioio, wlrieh is broad juid peota/ngulai,*, 
|'»oi,iif4al ilowii wards and with indi.sti;n<,*.t anal brjuiches. dliei'Ka’i- 
p(vbdous isiKiloh* is iiH*enstaiii, thin, and imaanplcle. 

AkvYW/. Htraits of 7b-l 1‘dwO fins, ; coasi of Ib,*a7/{l, 

?]2 JiiMi fjus ; and Ihuilic, Hantlwich 'islantls to , how ,A,rc,liipclago, 

2,:li25-2l‘7b ijiiH. 

There a, re two spiafics. Tlie type was an [ti'm,iature .form. 


CkmuB AEOCKCAtAauB, yL /h/tmiz, IHHl, Mvpori on iJicHVniUnni/rr' 
MvJdm, IK 160 . 

Test of ■intxles'aio size, veny tirin and tra,nsparcnt, i,/!nincalnd 
iu front and bluntly pointed behind, ovoid in marginal oniiino; 
depressed abactinally, flat actmally; broadest iu the anterior 
two thirds^ narrower posteriorly. 
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Apical system slightly posterior, corresponding with the summit, 
with four perforated basal plates ; and the madreporite is in the 
right anterior, and passes backwards, separating the posterior 
basals ; basal sutures obliterated. 

Ambukera flush with the test, uniporoiis, increasing in width 
to the ambitus and apetaioid, with but few plates, which are 
large, high, and hexagonal. The areas diminish in breadth to 
the peristome. The anterior ambulacrum appears to resemble 
the others. 

The interradia have large plates and but few of them. 

Peristome excentric in front, broad, but short longitudinally, 
more or less semilunar, and with a well-marked posterior lip 
which projects. Plastron well developed, amphistemous and 
tiiherculate, contrasting with the broad plain posterior ambulacra 
on either side. Periproct supramarginal; circular in outline. 
There is a subanal fascicle only. 

Tubercles of the primary kind largest and most crowded at 
the ambitus in all the areas, scattered over the test above the 
ambitus, absent near the apex, and regularly placed in the odd 
ambulacrum. Spines of actinal surface slender, club-shaped and 
hollow, with a thick shaft. Ambiilacral pedicels most powerful 
and wuth small disks near the apex, and diminishiug aetinally. 
Tufted pedicels around the peristome. 

Becent> (One species) Arafura Sea, 800 fms. 

Genus OiiEiSTECHTNUS, P. de Loriol^ 1882, Bemdpt* de^ 
EeMnideB des Mivirom de Cam&nno, Mem, Soe. Fhys, et 
Kut, Nat, de Geneve^ t. xxviii. no. 3, p. 27. 

The test is small, thin, depressed, tumid dorsally, oval, elongate, 
rounded in front, where there is no notch, low and truncated 
behind. 

Apical system probably disconnected ; the system is excentric 
in front, and the only specimen observed has two genital pores 
relatively large and very close. 

The ambulacra are composed of extremely small pores, barely 
visible here and there. It is impossible to affirm whether the 
pores are single or in pairs. Ambnlacral plates relatively very 
large, so that there are almost as many ambulacral as interradial 
plates. There is no anterior groove. 

The peristome has a posterior, projecting lip. The periproct 
is oval, elongate, open at the summit of the posterior surface. 
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Tlio tnlierclcB a.ro very lOHaiiia], Home beinii^ iiiiioh larger iliaii 
othet’B, Jiiwl few a,iul fjir beiiweeiu 

IfossiL Miocene : ]^]uro|)e. 

It m wtaied In. t.lie (l(ss(n’i|,>t;ioii o,f i;lie Boliiary species t'liat tlie 
|)];istroii is slighily hollowed out around the poristonie, wliieli has 
a very |)roj(M:*tiiig 1i|). TIic aii:i1)ulac,ra are indisiiiicl^j and it 
ap|)ears from iihc iignres iiliat they are Hush with i.lio test and not 
|>otaloid. 

De Loriol ])!hiccs the form near Ar()Oj}(il;a()m^ A. Agass,, bill; 
notices tluit h(j cannot state anyidiing aboid; tlie presonco of 
faaeioles. 

Tlie (*r)mbiii:itiou of ihe peculiar andnilaei’a and the pair of closOj 
prc)I)al)ly disuiiii.cd, ge'U(3r{Uive plates (bn, sals) with, a |)r(f}cciiiig 
lip are dwc^lt uj)o:ii by i»he careful naturalist to whom owe 
tlio genus* 


III. Family LriBKiiD^ig Gray. 

Test tlviig ovoid. A;pical system witli tlirce basal plates fused 
into one, two large genital pores only and upon conical promi- 
nences. Periatomo cxccntric in front, pentagonal, witli ’live 
angular buccal plates. rcripro<‘,t circular, and with from 'live to 
seven plates. A. pcripetalous fasciole. 

Genus Pulamioma. 

Cjraj fouruk‘.d ilu^ genus Lonkla in 1851, tlm name being 
alrt'iuiy cnufiloyed in Natural History. Hubsecpienlly fjoven in 
1H1>7 diagnosed, tlu^ grams Puhi'odoHKt^ whiidi is ideiitieal with 
Imkiik Gray distinguislual the gmieric chaj'ac-l'crH. 


ClmuiB V ktiMOH'nmk^ Lorvu^ '18(>7AJ/H'r.s\ Awn//. Nr/vnvA Phif'nnfk” 
AktuL Mrrhmid'L :no. 5, l,H7'ls Pfudf.% p. 50, figs. 50, 

1HH5, Jkywdalnht, p, 70, ph 'Kvi. 

Byiu Le^kht^ Omy, I85i,, Amu A M.a.g, .Nat. HihL, a.iul 1855, 
Cat. lice. Ech. Erit. Mas. pi. i. p. 05* 

Test thin, moderate in ovoid, broadest boh,i,t,ul i/lio centre 
and anteriorly, more or less .narrow poBtcriorly, tall and sub- 
globose abaetiiialiy, liig’hest behind, convex actinaily, anterior 
groove sliglit. 

Apical 'System subcentral, Bmall, three of the basal plates fused 
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into one ; two large genital pores upon conical protnlberances* 
Madreporite indistinct. Eadial plates small, separate. 

Ambulacra dissimilar, sunken, tlie anterior in a sligbt abac™ 
tiiial groove, tbe plates ratbei' bigb; tbe pairs of small pores 
vertical and in two rows. Petaloid j)art of tbe antero-lateral 
ambulacra divergent, broad, poriferous zones broad ; postero- 
lateral petals shorter. The plates beyond the petals broad with 
single pores, but narrowing greatly at the peristome ; the postero- 
lateral areas wide on either side of the sternnni, the fifth plate of 
the inner zone of the right pjosterior ambulacrum actinally 
pushing into the line of the posterior interradium. Phyllodian 
tentacles with a central protuberance and marginal filaments. 
Prontal tentacles with a calcareous disk and rays. Primary 
tubercles perforated and crenulate, numerous on the large inter- 
radial plates. 

Interradia with few plates ; both the antero-lateral areas with 
the second plates of both their zones beyond the peristomial 
plate united, the same union occurs in the left postero-lateral 
interradiiim. In the right postero-lateral interradium there is 
union of the second plates of both zones with the third plate of 
zone “ 5."” The peristomial plate of the odd interradium is long ; 
the sternum is not quite symmetrical, the second plate of zone 
h ’’ being short ; the episternal plates are not parallel. 
Peristome excentric in front, nearly flush, pentagonal, the 
greater part of the margins formed by interradial plates, the am- 
bulacra forming the angles and very small; five triangular buccal 
plates. Periproet circular, near the upper extremity of the 
rounded posterior surface, 5-7 triangular plates on its membrane. 
A sinuous peripetalous fascicle. Spines and tubercles subequal, 
the former subulate and largest dorsally. 

Beeen-t. China, East Indian Islands. 


IV. Family PouETAnESiiniE, 

(Pourtalesiadm) Loven^ 1883, Kongl, Svensic, 3andl* 

Bd. xix. no. 7, p. 82 (Pourtalesia). 

Syn. Subfamily Fourtaledc^i Wyv. Thoms. & A. Agass. (pars). 
Test very elongate, subcylindrical or obconical, truncated 
anteriorly and broad there, tumid in the middle and rostrated or 
pointed posteriorly; convex or humped dorsally, flat actinally . 
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A deep anterior recess with the peristome rcrtieal and at its 
lowest part. The periproct superior to tiie projectiii,ij; posterior 
rostrum, or when there is no rostrum, placed aoiinally. Apical 
system rariahle, compact or disconnected. Ainhulacra flush, 
apetalous, may bs disconnected or discontiuuous ; pores single or 
slit-lilre. Tentacles homoiopodons. Interradia forming, or not, 
a continuous vertical band in the postero-lateral areas ; sternum 
distinct or not. Spberidia absent in the anterior ambulacrum 
and exposed and numerous iu the others. A subaual tasciole 
may or may not exist, but is not accompanied by modification of 
tbe ambulacral plates. Spines short, straight or curved, only 
crowded on the sternum. 

Genus Pourtalesia, 

Spatagocysfis. 

EcMnocrepis, 

Tlie genus Pourtalesia, A. Agassiz, is one of tlic most inter- 
esting, and its affinities have given much trouble to the tliree 
distinguished naturalists to whom we owe the knowledge of the 
morphology of the species. The first species, P. miranda, whicli 
was used as the type of the genus by A. Agassiz, was dredged by 
the late M. de Poiirtales off Florida, at a depth of 849 fotlioins, 
and it w^as described by A, Agassiz, 1869, in Bull. Mus. Comp, 
ZooL i. p. 272. Subsequently the genus and the same species, 
P. miranda, were described in the ‘Eevision of theEcliiiii/ 1S72-- 
74, p. 844, pi. xviii. The dredgings of H.M.S. ‘'Porcupine’ 
yielded two other species, whicli were described by the late 8ir 
Wyville Thomson in Phil. Trans. 1874, p. 747, pis. Ixx. and I'xxi, 
These species, P. Jefreyn and P. pliiah (P. plryah, W. T.), 
were got — tiic first-named from 317 fathoms between ajHi, 

Shetland, and the latter from 1 215 .1‘atliomB in the Rochall Obajimd, 
An excellent general description of P. Jefrcysl and a vorj gf)od, 
engraving were published by the same author in his work, called 
^The Depths of the Sea,’ 1873, p. 108. 

The dredgings of the * Challenger ’ in the Pacific piodinaKi no 
less than five new species, and they were described and figured 
in the Eeport on the Echinoidea by A. igassiz, 1881, p.. 133 

P. earimta, F. Im^ida^ P. lagtineula^ F. eeratopyr/a^ and P, 
rosea. The genus has its principal quarters k the .Pacific Ocean, 
where there are fire species j and there are tlireo species in the 
Atlantic, viz. P. JeJ^reysi, P. pMde^ and P. mirmuh. These are 
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all dwellers in very deep water, and indeed P. leffreysi is the 
only species with a moderate bathymetrical distribution. 

In 1883 Prof. Sven Loven published his great work on Foi(,r- 
talesia, a Genus of Ecliinoidea ’’ (Kongl. Svenska Vetenskaps- 
Akad. Ilandliiigar, Bd. xix.), and he had obtained specimens from 
the Survey of the N. Atlantic by the steamer ^ Ydringen’ and 
from A. Agassiz and Sir Wyv. Thomson. He especially investi- 
gated P. Jeffrey d. 

The descriptions of what Loven very truthfully called the 
most extraordinary Ecliinoid hitherto known,” by the authors 
alluded to, are models of plain exactitude, and those of Sir 
‘Wyville Thomson are in his best style. There is, however, con- 
siderable diversity of opinion amongst the three naturalists regard- 
ing the alliances of the genus with extinct forms ; but now that 
it can be said that the morpliology of one of the species has been 
described with wonderful accuracy by Loven, the paleontologist 
may pass his opinion on the subject. 

There is a di fficulty in associating all the species now classified 
under FotiHaleda in one genus, which has been felt by Agassiz 
and Loven, and will interest the advanced students of the 
Echinoidea. 

Can Fourktlema cemtofyga^ P. Jeffreysi^ P. rosea^ and P.mi-- 
randa, for instance, be placed in the same genus ? A. Agassiz 
notices that he was disposed to divide the recognized species j 
but on the examination of the whole group he determined to let 
them remain under one head. The propriety of this is a matter 
for discussion on ordinary zoological principles. It must be 
remembered that Loven has shown that there are morphological 
differences between some of the eight species wdiich he i^ecog- 
nizes to belong to Fotirtalesia^ wdiieh are without example in 
any other genus. Yet it seems to be impossible, in his ojunioiiy 
to break up the genus in order to meet the variability of im-- 
portant structures. In fact he considers that the species seem 
to be undergoing evolution of a remarkable kind. 

There are species now included in the genus (P. eeratojjyga, 
P. Jeffrey si) which have disconnected apical systems, and others 
(P. rosea, P. mirmida) which have them compact ; and in the 
first group the postero-Iateral interradia are in contact actinally 
and abactinally in most of the species, but in one the contact 
is abactinal only j in the other group theim is not this , contact. 
A^et the structural affinities of the two groups are otherwise so 
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close tliat tlie great differences in the structure of tlie apical 
systems and in the interradial areas seem anomalous. There is 
some variation in the size, position, and siitiiriiig of tlio basals in 
one of the species with a disconnected hiviiim, hut there have 
been no specimens discovered in which any approach to a 
blending of the two tyj)es of apical system has been seen. 

There is, moreover, a difficnltj in deciding, if a division is to 
take place, to which of the groups the name Poiwtalcsia sliould 
belong, for Pourtalesia mirmida, A. Agassiz, was the first 
species described, and the nature of its apical system and tlie 
development of its postero-lateral inter radia do not appear to 
coincide with P. Je^reysi^ Wjy. Thoms., and its allies. 

In describing P. miranda, A. Agassiz wrote (Eovision, p. 345) 
as follows The posterior pair of amhuhicra extend on both the 
sides of an elongated plastron to the base of the snoiit-like pro- 
longation, where they curve sharply upwards, and run close on 
the abactinal part of the test to the ahaetinal system situated 
almost at the summit of the nearly vertical aiiteiior extremity, 
along a well-marked wedge-shaped ridge extending from the 
apical system into the rostrum protecting the anus.” Again, 
on p. 346, The abactinal system, consisting of four large genital 
openings placed close together, with the madreporic body toler- 
ably well defined in the centre, is situated at the origin of the 
anterior groove.’^ 

On plate xviii., Eevision of the Echini, fig* 1, a side view 
of P miranda shows the postero-lateral ambulacruiii of the left 
side, passing forwards abactinally to the very front of the test. 
It is also evident in fig. 2 that the postero-Iatoral, Jimbulacra 
pass from the perisieme on either side of the stoniuin far back, 
and that each is eontinuous. In fig. 3 the Jipical system is 
bIiowix to 1)0 very oxcentric in iront, and the postero-ljiiHH'al 
ambulacra reach it ; tliero is no juiustion of iuterradiafl plates 
between the apical system and the biviuim Fig, 9 on tlu;) Banio 
plate shews most distinctly tliat the apical system is comjiact, 
and that the antero-latcral ambnlacni do not tenninate in radials 
which separate the anterior and posterior basals, im in /AfAf* 
mcorys. 

But in the classification P. miranda was placed by A* Agassiz 
amongst the Anauchytidm (op. oH\ p. 344 ) ; and in Ids ilofiiiitioii 
of that group he states, “ the apical system more or less elongate, 
but not disconnected.” The difficulty of associating tlio forms 
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of Pourtalesia with the Ananchytidss was, however, subsequently 
noticed by the same naturalist and in his great work on the 
Challenger' Echini, p. 124, he followed Sir Wyv. Thomson and 
placed them in a subfamily ‘‘ Pourtalesise ’’ of the family Spatan- 
gid 80 « Nevertheless A. Agassiz did not consider that the compact 
apical system of his type, P. miranda^ militated against the 
admission of other species wdth disconnected apical systems into 
the genus Pourtalesia. In fact he appears to discredit the taxo- 
nomic value hitherto placed upon the different apical arrange- 
ments — ^compaet, elongate, and disconnected. He states (p, 133), 

“ It is remarkable how great is the variation in the extent of the 
separation of the bivium and trivium at the apical system in the 
different species of the genus and, in describing P. rosea.^ 
he remarked Q Cliallenger ’ Eeport, p. 141) : — “ This species 
is also remarkable for not having, as in other species of the genus, 
its apical system divided by the encroachment of the postero- 
lateral ambulacra into a bivium and trivium.’' 

It appears that the existence of compact and disconnected 
apical systems with the correlative interradial arrangements in 
one family must be admitted to be consonant with Zoology. 
Their occurrence in the same genus cannot be maintained, except 
under most unusual conditions. 

It is indeed highly fortunate that the genera UcJiinocrejpis and 
Spatagoc^/stis, which have been so carefully described by A. 
Agassiz and Loven, should have been discovered, for they let a 
flood of light into the classification of the species included in 
Pourtalesia. They will be considered further on, but it is 
advisable to state now that Spataffocystis is in alliance with the 
species of Foiirtalesia which have disconnected apical systems ; 
and that Echmocrepis is allied to P. miranda and P, rosea with 
compact apical systems. 

The definitions of the genus Foiirtalesia will be found in the 
'^Eevision of the Echini,' and in the Eeport on the ‘Challenger' 
Eehinoidea ; and one was published by Sir Wyvillo Thomson in 
the ‘ Phil Trans.' The desciiiffions by Agassiz are positive and 
also very comparative. 

The morphology has especially been studied by Loven, and 
published in ‘ Pourtalesia.' The following definition has been 
collected from the works of these authors. 
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Genus PoEETALESiA, A. Affassk, 1869j Bull. Mus. Gom^ 2 ). Zodl 
i. p, 272 ; 1872-4, Revision, p. 344. Wymlle Thomson, 1874, 
BMl Trans, Moy. Soc. voi. clxiv. pt. 2, p. 747. Lomi, 1883, 
Bouftalesia, p. 82. 

Test small or rather large, tlhn or mocleratoly thick, long, flask- 
shaped, until a deep inversion of the anterior face, at the lower 
ipart of which is the peristome j with a rostrum produced poste- 
riorly and iiiferiorly, the periproet being above the rostrum. Test 
subcircular or broadly expanded in front profile, or generally 
tumid at the sides, flatter actinally, and slightly depressed 
abactiiially. 

Apical system very excentric in front, disjunct, with four basal 
plates perforated by the genital ducts; sutures fused ; madreporitc 
ill the right anterior, and often between or in the other basal s ; 
anterior and antero-lateral radial plates aborted more or less; 
postero -lateral radials separated by some plates of the odd inter- 
radium and disconnected from the basals by plates of the postero- 
lateral and odd interradia. 

Ambulacra apetalous, uniporous, with large wide plates ; the 
anterior large, deeply inverted, forming the peristomial upper 
margin ; antero-lateral flush, placed far forward, nearly trans- 
verse ; postero-lateral flush, very long, may become diacontiniioiis 
actinally by the interposition of plates of the postero-latcrol in- 
terradia ; the antero- and a disconnected part of the postero- 
lateral ambulacra from the lower margin of the peristome, or the 
antero-lateral may be crowded out. 

Interradia with unequal, mostly large, plates ; the antero- 
lateral with a narrow, tall, peristomial plate in one zone (h) and a 
small plate in zone a, which may not entei' the margin ; the postero- 
lateral meeting abactinally at the median lino, anil also actina'llj, 
or only abactinally, not entering the peristome; the second and 
third plates of* zone h of the right postero-lateral area iiniif^cd the 
posterior interradium touching or Jiot the peristome, discontinuous 
or coniinuous, amphisternous. 

Peristome anterior, more or less vertical, at the bottom of the 
anterior inversion. Periproet above the rostrum. A subanal 
fasciole aroiiiid the posterior rostrum. Pediccds similar, pointed, 
without disks. Spheridia uncovered, numerous, in the lateral 
, ambulacra only. Spines short, slender, fenestrated, often spatiilate 
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Of clubbed Pedieellari^e, some trlfid, with circular tops with 
milled edges. 

Mecent. Atlantic, Pacific, and Antarctic Oceans; 345 to 2900fms. 

This diagnosis will embrace the following species : — Poiirtalesia 
Je-ff^reysi^ "Wyv, Thoms., P. laguncida, A. Agassis;, P. Mspida, 
A. Agassiz, P. pldale^ Wyv. Thoms., P. eeratopyga^ A. Agassiz, 
P. earinata^ A. Agassiz. 

Of these the last two have the sternum connected and the 
interradia 1 and 4 do not unite at the median line actinally, but 
only abactinally. 

The diagnosis will not admit Foicrtalesia miranda or P. rosea ^ 
A. Agassiz, which have a compact apical system and the postero- 
lateral interradia separated dorsally. These species should belong 
to another genus ; but as the morphology is as yet unsatisfactory, 
it is best to place them provisionally in a division of Poiirtalesia. 

Although the diagnosis of Pourtalesia just given, will suffice to 
distinguish it from any other genus, there are some points in the 
morphology of some of its species which should be recorded, for 
they are of especial value in showing the aberrant character of 
the group, how it may' be associated, in a family, with other genera, 
and how slightly it is allied, structurally, to any ancient forms. 

Loven has shown that the inversion of the anterior part of the 
test not only affects the anterior ambulacrum, but also the peri- 
stome and the first plate of the odd interradium. Each side of 
the peristome, which is narrow and elongate from below upwards, 
is formed by a narrow and long plate of zone a of the antero-lateral 
interradium. The first ])late of zone h may enter, so that there is 
not a single ’’ peristomial plate ; the upper margin is formed of 
the anterior ambulacral plates. The marginal plates of the lateral 
ambulacra and the small lip of the posterior, odd, interradium 
are raised vertically to the actinal plane of the test, so that the 
mouth is entirely within the inversion. In P. Jeffreysi the great 
height of the first plates of the zones {a) of the antero-lateral 
interradia prevents tlm antero-lateral ambulacra from entering 
the peristomial margin. 

The interradia 1 and 4 in most of the species are large and 
form a belt round the test, and it is evident, from LovcAs w^rk, 
that they do not enter into the composition of the peristome, and 
indeed are remotely posterior to it. 

The large plates of these interradia are very striking, and it 
has been explained by Lovdn, op. eit. p« 14, that the heteronomy 
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of tlie riglit posterior interraclium is from tlie iiiiioii of ilic second 
and tliird plates of zone “6.*’ This is iiimsual a,mt)iig3t tlio 
Spataiigoidea. 

In P. Jeffreysi tlio labruin is very small and is sepni'ated from 
tlie steriiiim by the disjunct, jirst plates of the postero-lateral 
ambulacra and by tlio first plates of the antei'ior zones of the 
postero-lateral iiiterradia. Tlio sternum is largo, is composed of 
one plate, and is followed by an episterniim wliicli is composed 
of two plates placed side by side and crossed by tlio fasciole. 
The periproct is longest transversely, and is siiiToiiudcd by tlio 
7-9 plates of tlie posterior intciTadium, its membrane is more or 
less divided transversely and covered with small scales. 

In P. Jejfreysi tlie first jdates of tlio poste:ro"-]atcriiI amlmlacra 
are interposed between the first plates of the antero-iateral am- 
bulacra actinally. Abactinally the last plates of tlio posterior 
interradiiim are separated and intercalated amongst tlie ab- 
actinal plates of the postero-latoral iuierradia. The true mouth- 
opening is a slit in a membrane without plates, and the direction 
is vertical. Some large pedicels are on the posterior ambulacra 
at the peristomial end, but elsewhere all the tentacles or pedicels 
are pointed and not prehensile ; probably they are all branchial. 
InP. Imjxmmla the labrum is large and long, but barely separates 
the first plates of the postero-lateral ambulacra, and this also 
occurs in P. carinata and P. ceratopyga. The large and iiiimeroiis 
spheridia are exposed and are restricted to the lateral ambulacra. 


G-eniis SpATAaocxsTis, A. Agassi::^, 1S79, JProc. .Amer. Acad 
vol. xiv. p. 200 ; 1881, Hepori on ^ Ghallenger ’ lileixmi, j). 110. 
Zonmij 1883, Foiirtalesia^ p. 82. 

Test rnodarati3 in size, long, low, ovoid, thin, very slightly 
incurved anteriorly, and with a short, Himill and narrow lieak 
posteriorly ; actinally with a downward pimjcHdiiig lixud (3,xte.nd!ng 
from the anterior groove to the beak; abactinally coiivi^x, tumid 
ill front, and lower and narrow behind. 

Apical system disconnected, part excentric in finint ; the four 
basals connected ; three genital perforations, and the madi’eporito 
in the right anterior basal The postoro-laterai radial plates 
separated from the basals by several interradial plates. 

Ambulacra apetalous, uniporous ; plates varying in width in 
the different ambulacra, hexagonal 
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Posterior iiiterradiiim with a labram separated from the 
ampliisterimiii ; postero-lateral interradia meeting abactinally 
and also actinallj. Anterior groove deep and narrow near the 
actiiial margin, not above ; peristome in the bottom of the groove. 
Periproct in a shallow pouch above the short beak and below the 
overhanging posterior part of the test. Fasciole absent. 

Becent, South Pacific ; 1600-1950 fms. 

G-enus EoHiiirocBEPis, A. Agassiz, 1879, Bovc. Amer. Acad 
vol. xiv. p. 206 ; 1881, Bejport on ‘ OJiallenger ’ Mcliini, p. 143. 
Lov^n^ 1883, Boiirtalesia^ p. 82. 

Test large, long, subpyramidal, broadest anteriorly, pointed 
behind ; apex excentric in front. Marginal outline irregularly 
triangular, nipped in at the sides, with rounded angles \ margin 
tumid, with a groove in tlie anterior part, which is deep and 
narrow actinally. Actinally fiat, with a keel from the end of the 
anterior groove to the periproct, which is submarginal. Abac- 
tinally steep in front and sloping gradually posteriorly ; a broad 
long keel passing backwards and overhaiigiug the periproct. 
Plates of tlie test usually large, hexagonal. 

Apical system excentric in front, at the vertex, compact, with 
four basal plates, three perforated by genital ducts j and the 
madreporite in the right anterior and extending more or less into 
the other basals ; sutures ohliteiuued. The anterior and antero- 
lateral radial plates aborted; the postero-lateral small and in 
contact behind the postero-lateral basals. 

Ambulacra apetalous, uniporous, flush except where the an- 
terior is in the groove. 

The postero-lateral and posterior interradia not reaching the 
peristome ; the long labrum continuous with the sternum and 
also not entering the peristomial margin ; postero-lateral areas 
neither uniting dorsally nor actinally. Tentacles hoinoiopodous. 

Peristome at the bottom of the anterior groove actinally ; the 
margin formed by the anterior ambulacrum, the antero-iateral 
interradia, and the antero- and postero-lateral ambulacra. Tu- 
bercles small and few, one on a plate abactinally, largest on the 
sternum, much granulation. Spines slender, short and club- 
ended. Neither a rostrum nor a fasciole. 

Beeent, South Pacific ; 1600 fms. 
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VIII. 

List of Subclasses, Oi-dcrs, Suborders, Families, Alliances, Divisions, Sub- 
families, Genera, and Subgenera. List of Genera removed or synonymous with 
recognized ft'eiicra. List of Genera formerly recognized and now considered of 
subgencric value. Tables, List of new Genera and Subgonera. 

Explanation of terms. 


Siibkingdom ICHIEODERMATA. 
Class ECIimOIBEA. 

I. Subclass PateeclimoidGa. 
II. Subclass Siiecliinoidea. 

I. Subclass PalseecMiioidea . b. 


Order I. 

BOTEBIOCWAIWIDA, p. 7. 
Genus 

Botkriocidaris, p, 8. 

Order II. 

BBBmCEOEGmmWA, p. 8. 
Family' I. 

AECHEOCIDARIDJS, p. 8. 
Genus 

Lepidoceiitrus, p. 9. 
Kcmiiickocidaris, p. 9. 
Periscliodoiiuis, p. 10. 
Arcbuiocidaris, p. 11. 

Lepidooidaris, ]>. 13. 

Lepideebinus, p, 13. 

Palmocliiniis, p. LS. 

Ehoecbiiuis, p. 14. 


Family II. MELONTTID./E, p. lb. 
Genus 

Molonites, p, 15. 

01igo|.)orus, p. 10. 
itepidestbes, p. 10. 

Hybocliinus, p. 17. 

Pholidociclaris, p. 18. 

Order III. 

PLESIOOIIfAEOIBA, p. 19. 
Genus 

Tiarecliiiiiis, p. 19. 

Order IV. 

CYSTOOIDABOIBA, p. 20. 
Genus 

Ecbinocystit'Cs, p. 30. 


II. Suljclaes EuecMnoidea, p. 2-k 
Order I. CIjDASOIjDA, p. 24. 

„ TI. BIAIJEMATOIDA, p. 2:t. 
Sul)ordor I. 8'jritii:i“.rosoM,v'i'A, p. 25. 

„ II. Sa'KKEOsowivrA, p. 25. 
Order III. ILOLEOTYEOIDA, p. 25. 
„ IV. VLYPEASTBOIDA, p. 25. 
„ V. SPATAWaOWA, p. 25. 
Suborder I, CAssiDtriDoiDTSA, p. 25. 

„ II. Sjjatanooidba, p. 26. 
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Order I. CIBABOWA,-^. 26. 
Family OIDAEID^, p. 26. 
Section I. 

Genus 
Oidaris, p. 27. 

Divisions. Rhabdocidaris, Leiocida- 
ris, Dorocidaris, StepbanocidariSj 
Pliyllacantlius, Porocidaris, pp.SL 
32. 

Subgeiius Goniooidaris, p. 32. 

Genus 

Orthocidaris, p. 33. 

Temnocidaris, p. 34. 

Polycidaris, p, 34. 

Section II. 

Genus 

Jliplocidaria, p. 35. 

Tetracidaris, p. 35. 

Order II. DIADEMATOIDA, 
pp. 24, 36. 

Suborder Streptosomata, 
pp. 25, 40. 

Family 

ECIIINOTHURIBJI], p. 40. 
Subfamily Pelanechhmw, p. 41. 
Genus 

Polanechiniis, p. 41. 

Subfamily Echmotkinncs, p. 41. 
Genus 

Ecliinotliuria, p. 42. 

Phorinosoma, pp. 42, 310. 
Asthenosoiua, p- 43. 

Suborder S t e ii n o s o m a t a, pp. 25,45. 
Family SALEWni)./E, p. 45. 
IDivision I. 

Genus 

Peltastes, p. 45, 

Subgenus Goniophorus, p. 46. 
Salenia, p. 47. 

Siibgenus Ileterosalenia, p. 47. 
Division II. 

Acrosalenia, p. 48. 

Family HBMIOIDABIIXE, p. 48. 
Genus 

Hemicidaris, p. 49. ^ 

Subgenus llemidiaclema, p. 50, 
Hypodiadema, p. 50. 
Pseudocidaris, p. 51. 
Asterocidaris, p, 51. 
Acrocidaris, p. 51. 

Subgenus Acrupeliis, p. 52. 

LIHN. JOBEK.— ZOOLOGY, VOL, 


Genus 

Goniopygus, p. 62 . 

Oircopeltis, p. 53. 

Oidaropais, p. 53. 

Glypticus, p. 54. 

Genus incertm sedis ; 
Leptocidaris, p. 55. 

Family 

ASPIDODIADEMATID.E, p. 56. 
Genus 

Aspidodiadema, pp. 55, 56. 

Family DIADEMATID.E, pp. 57, 58. 
Subfamily D lade matings, p. 59. 
Genus 

Diadema, spi. Pseudodiadema, p. 60. 
Subgenera Geutrostephanus, Alicro- 
diadema, Diademopsis, Hemipo- 
dina, Eebinodiadema, pp. 61-64, 
Plucodiadema, gen. nov., s^n. Plesio- 
diadema, p. 64. 

Heterodiadema, p. 65. 

Codiopsis, p. ()5. 

Pleurodiadema, p. 06. 

Ataguosia, p. 66. 

Oottaldia, p. 67, 

Subfamily Dlplopodiinm, pp. 59, 67. 
Genus 

Diplopodia, p. 67. 

Pedinopsis, p. 68. 

Acantboebiuus, p. 68. 

Subgenus Racliocypbus, p. 305. 
Pbymechinus, p. 69. 

Asteropsis, p. 69. 

Diplotagiua, p. 70. 

Micropyga, p. 70. 

Plistopbyma, p. 71. 

Subfamily PecUninee, p. 72. 

Genus 
Pedina, p. 72. 

Siibgenus Pseudopedina, p. 72. 
Eobinopediiia, p. 73. 

Stomccuinus, p. 74. 

Micropedina, p. 75. 

Heterocidaris, p. 77. 

Eeliinotbris, p. 78. 

Astropyga, p. 78. 

Polycyplms, p. 79. 

Codechiiius, p. 80. 

Subfamily Ovthopsince, p. 80. 
Genus 

Orfcliopsis, p. SO. 

Eodiadema, gen. nov., p. 81 . 

XXIII. ■ 19 



l\ M. lUilVrSJXW of tee 


:!ilO 

n.-Hi, 

PtTuhin, iff'H. |», S2. 

|u SEs, 

I » viiijs, iil’.'Mirfjia, p, 8IE 

\ M'JUiH U' SccUm ; 

ij |>. S 1. 

l-'ntsiiv m\TU).:K }K .SE 

IH^ I. 

iu'ttu;-'. 

i ‘\ j»;M i'-'i i». Stj, 

F'ui ViUL'. Ej'Iu^oiuUm j». <'^7. 
r. ‘I'tn-Htu;!, |i. S'J, 
i FjtiS tiUTia, I'*. SS. 

'ri!yti'(;iiimi,u r*j). E»nr>, 

PiviViuu li. 

(7i'ni!54 

i\lirVi‘F^i.''s }>, tM. 

iSaijnrijt, ,subg<‘n. nov., 

luiH, 

l'';uiii!Y AIFOACmK'iC, p. ttA 

OctiiiM 
A rf Kirin. 

lA'hiiK^riilaris, 5 h>v., [>. \H, 
i ‘(rlnplrurii,''., p. 01, 
lAtAnriiluri; , p. 01*. 

jAnnii^v i;i-:Mxr)piJcruii)/K, p. tx;. 

huhtninili j>. iHi. 

(Enitf;-. 

i ;i\ j'ihnrv p. 07. 

I >U''i \ unit’d p. 00. 

A rn,r{rii"p't iirir's p. MHF 
OjlEiFMplui 100, 

Onvdi p. IO| . 
lA'idJiHtp plain [i. OH. 

/,rHr;;uplnHS'iin p. 

1 ,i'ptHH|4<‘urtiH. p. loO 
l.rnup piiii'i, p, OH, 
i dipifiHpIp'j p. OH, 

'I'npuH) ‘dnlnri'!, p. !H,». 

HnljIutHil)" ‘t* \u 10(7 

I I'rilln'i 

trrfi'unt’pIrU'rUH, p< 

Ouhp,r(uw Olrurrnlmuiis^ p, '0)7. 

iVtinirrhiiiUH, p. Ol.S, 

Biilltmaiii* p. 1 09. 

Hiilijiai>yp,4H, 'p« 110. 

Mwpiliip p. !,1H, 

Mli'irifoyplisw, p, ,1 ,1 L 

Ai«btyprK»n»l4.‘^, pr ■ I, I 'w. 


Orniw 

GoniopiuHLstw, nov. geii., pk HE 
jlulopnruaii'Sj p, 1.14. 

GomiH incor(.',r. nodis : 
tO%'i.JMmr(‘himiM, p, 1 15, 

lAuuiiy Boni'NGM p. no, 

SuhlHniily I'li'hiikmivffltue. p. 115. 
<0‘nus 

I O'irrocinil rni.n.*^, p, 1 1(7 
((iiiuliorriil ro(uH, p. 1 17. 

Mrhiin»nn‘t ra., p. 118. 

StuiiiuptHMiwtrs, p. I ft). 

.Oanii‘‘:al».niia., p. I2(). 

Hiihfamily p. OJl. 

(OniUH 

Hinnigy locriifrcitai,*.:, p. liij. 
Bpiui’iH’rliiimH, p. 122. 

I'Vhiiitisi.rrphuH, p. 1217 
.Osnuloliolrlia, p. .12J7 
KuryptitnislrH, p. 12-k 
..'lOdoputHistiCH, p. 125, 

Faiuily KClIliNTDli, p. 12(7 
Griiua 

.FchinuM, p. 12(7 

Bulige.iujH .PsaitimochintiH, p. J,27. 
kS(in‘(4iimi!4, p. !28, 

<'llypl.<‘chin\iH, p. 128. 

Iji'iopi'diiia., ]). 120. 

llypin'IilnuN, p. 120. 

'’.I'nxopiKHLsIrs, p. |,;i( . 

OoU-Ha, p. Hi, 

O'ripiHaiNloH, p, 102. 

iSiiligaiiUH FAwhimw, }>, !;>?7 
(.(ruuH .iiKun'la.* Hinlis; 
I’riitnwhiimn, p. 127 

(Inlrr HI. 

niiiJ<(n'vvoinA, p. 125. 

Siv/i'tm I. 

( Oaitis 

HoIrrlypiiH, p, I.‘il7 
OilrUH. p. 12(7 
Oy^^aFlrr, p. 127. 

OygaHritlan, p, I2S, 

SrAioii II. 

(lt*uun 

I )}Hrr,H('laa, p. |2»8. 

I5i'iHuif4w, Hu!)gori. iiov,, 
p, 120. 

(JarioolyptMiH, p. !*I0. 

tlancTu'iuerrta* bihUh : 
GaUn’op^'g'uH, p, 141, 

OuchycJypeiw, p. X42, 
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Order IV. 

CLYI^EASmOIDA, p. 142. 
Family FIBITLARIIDJ2, p. 144. 
Gen Its 

Echinocyamiis, p. 144. 

Subgeniis Seutellina, p. 145. 
Sismondia, p. 145. 

Fibularia, p. 146. 

Buna, p, 147. 

Moulinsia, p. 147. 

Eotuloidea, p. 148. 

Family GLYPEASTBIDiE, p. 148. 
Genus 

Clypeaster, p. 151. 

Subgenus Moiiostycbia, p. 153. 
Biplotheeanthiis, gen. nov., p. 153. 
Plesiantbus, gen. hot., p. 154. 
Anomalanthus, p. 155. 

Family LAGANID.E, p. 156. 
Genus 

Lagan nm, p. 156. 

Family SOUTELLIDiE, p. 157. 
Genus 

Sciitella, p. 168. 

Subgenus Ecbiuaraclinius, p. 158. 
Ecliinodiscus, p. 159. 

Bucope, p, 16u. 

Subgenus Monopbora, p. 161. 
Mellita, p. IGL 

Subgenus MelUtella, p. 162. 

Asfcriclypeus, p. 163. 

Lenita, p. 163. 

Morfconia, p. 163. 

Kotula, p. 103. 

Subfamily Anifhtints, p. 165. 
Genus 

Aradmoides, p. 165, 

Order V. SFATAmOIDA, p. 166. 

Suborder I. 0 A s s ii) u l o 1 1 ) e a, p.l66. 

Family ECHINONEID-E, p. 166. 

Subfamilies Echmocoiihics, Echino- 
mm(B^ Oligcqyijginm^ 'EckhmhrissbKS. 

Subbimily EcMnoconincs, p. 167, 
Genus 

Echinoconus, p. 167. 

Lanieria, gen. nov., p. 168. 
Adelopneustes (see Concluding Note, 
p. 305). 


Subfamily Ecldnoneinm^ p. 168. 
Genus 

Echinoneus, p, 169. 

Amblypygus, p. 170. 

Caratomus, p. 170. 

Pygauliis, p. 171. 

Pyrina, p. 172. 

Subgenus Nucleopygus, p. 172. 
Anorfcbopygus, p. 173. 

Subfamily Oligopjgmm, p, 173. 
Genus 

Haimea, p. 174. 

Oligopygus, p. 174. 

Subfamily Echinobrisslncs, p. 174. 
Genus 

Echinobrissus, p. 175. 

Subgenus Dochmostoma, p. 176. 
Oligopodia, p. 176. 
Anochaiius, p. 177. 

Botriopygus, p. 177. 

Ilariona, p. 178. 

Genera iucertai sedis ; 
Desorella, p. 179. 

Oviclypeus, p. 179. 


Family OASSII)ULII).E, p. 180. 
AUianee. 

Genus 

Oassiduliis, p. 181, 

Subgenus Ehynchopygus, p. 182, 
Pygorliyncaus, p. 182. 
Sfcigiiiatopygiis, p. 182. 

Bchinantbus, p. 183. 

Siibgenus Hardouiuia, p. 183. 
Eurhodia, p. 184. 

Paralampas, 184. 

Allimm*. 

Genus 

Oatopygus, p. 185. 

Subgenus Studeria, subgen. nov., 
p, 185. 

Neocatopygus, p. 186. 

Phyllobrissus, p. 187. 

Alliance. 

Genus 

Clypeiis, p. 187. 

Subgenus Olypeopygus, p. 188. 
Pygurus, p. 188. 

Faujasia, p, 189. 

Galeroclypeus, p. 189. 
Pseudodesorella, p. 190. 

19* 
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All'kmov. 

G-eniis 

EchinolaiivjjaK, p. 190. 

Suhgorms MillcUa, subgou, iiov., 
p. 191. 

,P!iyIlo(9yp(uw, [). 192. 

OonoliUupaH, p. f92. 

.Plosiolfiiupiis, ]), !9i1. 

tsuhgomis OriolUiiupas, p. 194. 
Pjihuobunpiis, ]•). I04-. 
l\Iicrolainpns, p. 195. 

Wcol/iJupas, p. 195. 

Family G()1LYEIT11).E, p. 19(). 

(jeuiiB 

C()l!yri[aB, p. 190. 
j)ys;islor, p. 1,97. 

llyboclypus, p. J98. 

I'Mrrju'iypauH, ]). 198. 

G-msia, p. .199. 

Family 

l»L:bl8f()SPATANail).F, p. 190. 
(ie,uus 

Eolampas, p. 200. 

Arcbiaeia,, p, 200. 

OlaviasOa*, p. 201. 

Aistorostoma, p. 202. 
pBUiiclastorosloiiui, gen. nov., p. 203. 
M-ctapoiinims, p. 204. 

S Liborclor II. B p a t a n a o r inj a, 

p. 205. 

Family ANANCHyTIBAC, p. 205. 
Oenus 

FoliinoporyH, p. 201). 

iSiibgtMius J'croiiia, p. 207. 
•llola-siei’, p. 207. 

Bubg<nmH Lampa.daHlei% ]>. 208. 
FaitoHULsIer, p. Oil. 
(.IllaHter, 'p. 208. 
lIomipwniBtca, p, 209. 

Babginiua GpiKOj a iouwie.M (hco C* m » 
eluding jMote, p, 005). 
(luettaria, ]». ?.M L 
(lardiaMtur, p, 209. 

SubgemiB luCuhiKtot*, p. 210. 
Ilagoiiowia, gen. nov,, p. 210. 

Subfamily XlrcvUninm^ ]>, 2!ll. 
Genus 

Ureclimus, p. 212. 

Oystcclnnus, p, 213. 

Oalymne, p. 314. 

Genera incortac aodis : 
Enidiaster, p, 315. 

Stenonia, p. 216. 


Fam.ny SPATANOIDIE, p. 210. 

Division Ai>ktk 8, p. 217, 

Genus 

Tsasler, p. 217. 
i<]})i;i,st.or, p. 2.1,8. 

Subgiauis Mlieraater, p. 219. 
Febim»8pa,tagUH, p. 219. 

Fnmilasler, p. 220, 
lleliiaadampas, p. 221, 

.M(‘gali»,skT, p. 22 f. 
llemipalagiiB, p. 222. 

1‘latybrissus, p. 222, 

Pahvopncusles, p. 223. 

Division PHYMNAmiTEs, p. 224-, 
Genus 

ireiniasler, pp. 225, 229. 

Subgunus Ib’ipylus, p. 231. 
bAorina., p, 20]. 

I’ericosrnus, p. 232. 

I,aul.lua, p. 233. 

8chii!;MBl.er, p. 234, 

Prenast-er, ],). 235. 

Oraitb aster, p. 236. 

Corast-er, p. 236. 

Agassizia, p. 237. 

Moira, p. 238. 

Subgenus Moiropsis, p, 238. 
Ilypsopatagus, p. 239. 

Division PavMNO,i)Ks.MiA, p. 239. 
Gejnis 

Alicraster, p. 210. 

Subgeuus Prissopneusb'.s, p. 241. 
Subgenus Plesmsier (soo Gondu 
cling Note, p. 305). 

Priasus, }>. 241. 

SubgeiiuH Meoma, p. 243, 
Spabingomorpha, 243, 

I'enwclKlia, p. 24 1, 

Alelalia, p. 245, 
l\.hinobriH.snM, p. 216. 
llrissopsis, p. 248. 

Snbgunuw (,!y(‘]fiHtnr, jap. 219, 250. 
Itns.Mo}>ni;agus, p. 250. 

SpaiangUH, ;p. 25,1. 

HubgeuuH ljuncoj)b,oru,s, 252. 
Marotla., p. 252, 

.l!iupala.gus, p. 253, 

Subgenus MaeropneusioM, |)p. 254^, 

255. 

Nacoa|'Hdu.nguH, p. 256. 

Gualtioida, p. 257. 

Tinopneustea, p. 257. 

Keopneiifite, gen. nov., p. 258. 
Cionobrissus, p. 229. 

Fchinocardiimi, p. 261. 

Breynia, p. 262. 

■ Lovonia, p. 263. 
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Division Apetala, p. 266. 

Section Adetc.H, p, 266. 
Genus 

Geuicopatagus, p. 266. 
Palieobrissus, p. 208. 

Section Frymnacletes, p. 260. 

Genus 
Aceste, p. 269. 

Aerope, p. 271. 

Section Prymnodesm.ia, p, 278. 
Genus 

Ovulaster, p, 278. 


Genus 

Palseotropus, p. 273. 

Hoi nolai upas, p. 275. 

Argopatagus, p. 270. 

Cleistecliiiius, p. 277. 

Family LESKIID/F, p. 278. 
Genus 

Palicostoma, p. 278. 

Family POIJETALESIIDiE, p. 279. 
Genus 

Pourtalesia, p. 284. 

Spatagocystis, p. 2S0. 

Echinocrepis, p. 287. 


Total genera 255 

Sub genera 50 

Divisions 6 


811 

Tliese include 12 now genera and 7 new subgenera. 


The extinct genera are 161 
The genera with extinct 


. 1 

and existing species . . 41 I 

le genera with recent or j 
existing species only . , 53 J 

255 


94 


Subgeii. 34 

„ 7J 
50 


il6 


Divisions 5 
„ 1 
6 


Grenera synonymous with recognized types or abolished 108 
„ placed as subgenera 42 


150 


The following genera have been considered to be superfluous or 
synonyms of others : — 

Grenns Palmoeidaris^ Perlseliocidaris, pjcliimorinm^ Proto- 
ecJdnus, TijphlecMnif^s^ MelecMnus, Xenocidark (spines only)j 
OystOGulmns^ Palaodlscus, 

Genus Plialdoeidaris^ Leiocidaru^ Porocidaris, StepJimiocidaris, 
Phyllacmithus, Porocidaris. (These are now divisions of CidarisJ) 
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G-omis DiscocidariSf AnauloGidarls, Seldemitzia^ Uoeidaris. 

Geiiiia Ilijposalenia, Pseiidosaleniaj Poropeltis, Tiarlh\ ILemi- 
pyg'u-s^ Pseudo diadema, Tetragramma, Ilchertia, PJ oJi ino diadem a ^ 
Verr., Triehodiadema^ Plesiodladema, Loriolia, Golfotiara^ Garella^ 
Savignia, G-omgiJiecJduuSi Micro^dltls^ Agarites^ Pggonima^ EeM- 
nocidaris, Besm,, Copteclihiusy Opechinus^ Ilellocidarls^ Olirgso- 
melon, Ilipporioe, IlelieeJmms, 

Genus Mortonia (Gray), PimpMa^ Peronella, Polyas ter, Ilielie- 
Unia, Ampliiope, Lolopliora, Galerltes, Tremalopygus, Parapi/gus, 
Oolopygm, AntJwhrissus, Qlypeolmnpas, Trochalia, Asterolrlssus, 
Petalaster, Ggrtlmna, Pseudopijgaulus, Ananckijtes, Oolasfer, 
Stegaster, Qihaster, Pygoplstes, Toxaster, Ileteraster, Miotoxaster, 
Glohator, 

Genus Tracdiyaster, Bitremaster, Machiosoma, Pllolampas, 
They aster, Pseudholaster,I{ypopgguru8, Atrapus, Abatiis, Besorta, 
Lemaster, Tidbermter, Plesiaster, OpiMaster, Periaster, Perio* 
nmter, Paraster, Anisaster, Brissomorplm, JPeterohrissus, Iso* 
pneiistes, Leiopneustes, Plagionotm, Xanihohrissiis, Toxohrmus, 
Kleinia, Stomaporus, Beahia, Verheelcia, Goncopliorus, Peri-- 
pneustes, Traehypafagus, Sa7^seHa, Leskia, Micfosoma is recorded 
only. 

The following genera are now considered to be of subgeueric 
value : — 

Genus (now subgenus) Goniocidaris, Goniopliorm, Seterosa-- 
lenia, ILemidiadema, Blypodiadenia, Psetuhcidaris, Asiexoeularis, 
Aeropeltis, Microdiadema, Biatfemopsis, Ilemipedma, PJahimdia- 
dema, Pseiidopedma, Leiosomay Pleureckinus, Salmacopsis, Psarn- 
mecliinus, JEJveehmiis, BcutelUna, Bionostychia, Midihiamidmrus, 
Mbnopliora, Astridypeus, Mideopygics, Ilkpncliopjygiis, Uaxdouinia, 
PggorJiyncIms, Ohjpeogyygus, Oinolampas, Jeronla, Jjampadasfer, 
PJntomaster, Opuopnxustes, Infulasfer, BPacraster, Trtpylas, Mod 
ropsis, Meoma, OychtHter, Lo^icophorus, Plesiader, and Maero- 
pneustes. 

The following are new genera:- — Eodiadema, Placodmlenm^ 
Plesiodladema, Dune,, Peronia, Btdimocidaris, Qoulopneustes, 
Biplothecantdms, Plesiantlms, Lanierm, Ilagenoioia, Pfeopneiisles, 
Pseudasterostoma, Adehpneustes, Gautln, Gaiettaria, Gautli. 

The following are new subgenera:— BchmUes, non 
auct., MeUiteUa, Bochnostoma, Oligopodia, Studerm, Millefda. 
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EXPLANATION OP TERMS. 

Tlie following explanation of the anatomical terms employed in tlie classifi- 
cation is intentionally brief, and further information regarding tlie anatomy 
of the Eeliinoidea can be obtained in the Text-books of Zoology and Compara- 
tive Anatomy, in ‘ The Revision of the Echini ’ and the Report on the ' Chal- 
lenger ’ Echini, by A. Agassiz, in Loven’s ‘ Etudes sur les Echinoi'dees,’ in 
' Pourtalesia,’ and in ‘The Echini described by Linnams/ by the same author, 
in works by Perrier, Koehler and Ludwig, and by various authors in the Journal 
of the Linnean Society, the Quarterly Journal of the Greological >Society, and 
the Quart. Journ. Micros. Sci., during the last decade. 

The Test. — The individual Echinoid—its covering of calcareous plates and 
spines, and its internal and external soft structures and organs. The term, 
when employed in the description of fossil forms, especially refers to the 
denuded animal, and in the recent forms it is also thus applied ; but the 
shape when the spines remain must be considered, as well as when denuded. 
The plates of the test are numerous and are in certain regions or sys- 
tems. The upper surface of a test is ahaoihial or dorsal^ it Ims the plates 
of the do rso-central OY apical s^stG?ii at tbe apex or elsewhere ; the under 
or opposite surface is acthial, and, except in one family, the perisfonie 
opens out there ; the cquaiorkd ciicumreronce is the atninfus or margin. 
There are live amhulacml areas, composed of plates reaching in 
vertical rows from the Badial plates of the IJorso-centml or Apical spsfem 
over the a77ihitm to the peristome and sometimes beyond, to the true mouth ; 
and five mterradial areas, consisting of plates in row^s [daced between the 
ambulacra and reaching from the Basal plates of the Apical spstem to the 
peristome or farther. In rare instances, the postero -lateral interradia join 
abaotinally at tlie median line of the dorsum of the test, and a similar 
union may occur actinaliy. 

The and the are at the opposite poles of the test in 

some Orders of Echinoidea, and such are called WmloGpciica or liegida/res. 
In other orders the perhimvt is beyond tbe Borso-central system and is 
somewhere in the median lino of the postenor 'mferradium, either dor- 
sally or aetiually; such forms are caWoH Exocydlea or Irrerpdares. The 
oriontafion of the ExoeycHca is not difBeult, the periproct indicating the 
postenor region of the test ; furthermore, the madreporite is, in the majority 
of eases, in the right anterior Basal plate of the Agncal System and often 
extends to the centre of the system or posteriorly and even more or less 
beyond. The orientation of one of the Endoaycliea is evident when the 
apical system is preserved, and it may be taken that the madreporite ia 
mainly in the antero-latcral Basal plate. Then ihci Radial plate m 
front of, or anterior to, and on the left hand of the inadreporite-bearing 
basal is the anicrior Radial plate, and the ambulacrum associated with it 
is the anterior one. In the event of the loss of the apical system, the 
determination of the axes of the test may usually be settled by employing 
Lov6n’s method (Etudes, pp. xi et seep). 

The margin of the peristo^ne formed by mihulmral and mterradial plates 
has a memWanous tissue connected with it and is more or less covered with 
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phitca ; peridowial memhrm/e RU!‘r<jiinds tlie f^loma or true ntoiiO^ and ifs 
to the pyramids oftlio ^laws ; hiitin i.hcodGutatc kinds, ovNodonfo- 
■rnaJc^, ilui inner ('dge is IVco. In tlio Criudhosfouics (lio Jfmware inlenuil and 
tlu> iedh projecX free iu i.hc The edge oC the perisioine may bii 

(jrooiu’d or hhriml or !iof,., and in Oic iirnt inHf,a,nce iwdcrnal hramdiUe arc 
present. Wiihin ilio test, close to Om margin of the peristome, are jnodi- 
lieidions and rusioiis ot iihc iutorradial and of ilio a, inbnlacral plates wliich, 
as riihje^ and f rooemd^ nnited or not, suri-onud or underlie the Jd.ics and 
give a.{Xaf*]iniont it) their muscles ; t.he structure is the Vedijiudhiv. Girdle^ 
forinerly called The ridges a, re intorradiai, as in Oidaris; the 

processes arc a,m])iilaoral. Leading Irom the gullet within fclio t.cst., and 
passing through the pdraiitlda of the Jaw^ and upwards over the inner 
regions of the. ainbulaerji, are hve variably developed fingcr-sha,pcd organs, 
in some genera — or Internal hranehite. J^xternal 
brun(^hia^ occur in some orders which arc tlma cctoltmnGilata. The or(h\rs 
without, them are aneetidmniLdmfa, 

The awhitUwnd phite,^ jy’o always perforated by oamls (one, two, or many) 
ending externally in pores ; the inknadia are more or less perforated in 
the Oiy]‘)eastroicla ; the from within becomes connected will) 

TmitacUi^ or Pedicels wliich are placed outside the test, their bases covering 
a or a pair. The surface of all of the plates of tlio test is tuborcula.tc^ 
or granular, and nuiy have eplstrfmia ; the tubercles carry spines^ some 
minute ones, and some gratmles support the skd/cs of pedlceUarw ; spke- 
fidia occur in the actinal part of the ambulacra. They are usually visible, 
hut may be hidden. 

Plates , — Tests may bo ripid or more or less Jlexiblr. Plates are more or less geo- 
metrical, calcareous pieces forming tlie interradla, amhuhem, dorsoaien frc/i 
spskmi, penf/natkle gkdle, and are found upon the pcrlstomlal and peri- 
‘proetiil membranes ; they are named according to those parts of the test, 
and may bo numerous or few. Composed of lax or close branching rods of 
carbonate of lime and intermediate organic structure, of cleaving cal cite in 
fossils. Aplaio has an imicT or visceral surface, an e/^Tfcr with 
granules, and epistroma: andedgos, the more or lesstransverseof which are 
dorsal and aeiimd. or aboral a,nd adorn! ; the romaining edges arc verticnJ 
or aslant. Tins edges of jhitcB are in <Mmtael. with fhosn of otlu;n‘S arunnd, 
and lh(^ plane of junelion, or union, is the The edges in (*ontaet 

may be fused or ius(Hparnl)le, or in Himple conlael. tlirough thc' iulervtmiiou 
of a thin orgaiiic tissue ; or the edge of one phitc may carry knobs whicli 
fit into sockets ujnin the op|,)osit.o edge (dowellhig) ; or hwmte of otte edge 
dovotail into grooves iu op|)osite edges. The outer part of the sut.nre (Lie 
line ofsiunrd) is often visible at the Burfaco of tlie test, between plates, and 
may be a simplo line, or a sU//hl or deep proovef with or witliout; pt’ls and 
deep undea'minmg hollows. Plates may bo united by soil etnictures in winch 
there is no carbonate of lime, and then there is no suturing, but more or 
less flexibility of the test or part of it. The plates of the perktmmil and 
penproctal membranes are thus soparafod. The sutures wliich are vortical 
and pass down in the median line of the internidia and the ambulacra 
are Median ; the sutures between the ambulacra and interradia are Avnhu- 
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laoro-mterra(Ual\ all others are Transverse. Overkip or imbri«atioB of 
the edges of plates may occur when tlie plates are separated by organic 
material, although tliore is no dbliqiviiij of the thin edges of the 
plates. Overkq) usually occurs when the plates are in direct contact, 
and hence obliquity of the edges ; the direction of the plane of suture 
is then not at right angles with the surface of the test, but more or less 
aslant. In overlap the edge of a plate overrides or o^-erlaps the corre- 
sponding edge of the plate placed actinally or dorsally or at the side. The 
overlap occurs both in thin and in thiclc tests and has defmite directions. 
The overlap of the amhitlacral plates is adoral or actincd, that is the actinal 
edge of a plate overlaps the ahacthial edge of the plate situated below or 
actinally to it. On the other band, the overlap of the interradial plates is 
(ihoral or ahaotinal, and the abactiual edge of a plate overrides the actinal 
edge of the plate placed dorsally to it. It is understood that the observation 
must be made of the outside of the test. Overlap may occur at the sides of 
plates and in the interradia, from the median vertical line outwards. 

Coronal plates are those between the peristomial margin and the apical 
system ; peristomial marginal plates surround and form the ; 

hucciil or peristomial plates are in rows or are isolated within the perk 
stomial margin in the line of the ambulacra ; periproctal plates are upon 
the penimcfal memhrane'^ anal plates arc close to the anal orifice in the 
periproctal nw/uhran e, 

Interradial palates are simple and variable in number. Amhalacfal plates 
are usually in two vertical rows, but there may be more ; the plates are 
either simple or compound ; and in the first case they are in the great 
majority of instances that is they extend from the outer edge 

of an ambulacrum to the median suture of the area. When eompound 
they are composed of two or several conqmwits, all of which are joined 
by sutures and form a geometrical plate ; some components are prirncmes, 
that is extend from the side of the ambulacrum to the median line ; 
others are demi-plates and do not reach the median line. The diree’- 
tion of the lines of suUtre of the components of a compound plate varies in 
different families. 

A plate is said to be occluded when it reaches the median line, but does 
not touoli the ambulaGro-inte'rt'axUal vertical suture. The plate may be 
isolated, and then it is shut out from the median line as well as from the 
edge of the ambulacrum. Each plate, whether simple or forming part of a 
compound plate, or a solitary domi or occluded plate, is perforated either 
by two canals, and shows externally a pair of pores, or by a single canal, 
or by several, each having one pore externally. (See Tentacles.) 

Tubercles are primaries when fully developed and birger than others, 
which are Secondaries.” They have a base, the " Boss,"' which carries 
the “ 3fa/meIon ; ” the upper part of the Boss may have crenulabion, or be 
emvulafcd (more or less vertical ridges and grooves all round the upper 
part) or not, and then it is said to bo plain ; the mamelon may have 
a circular foramen leading downwards from the apex for a slight distance, 
and is then perforated,” or the perforation may be absent, and the 
mamelon is “ imperforate.” A plain or a sunken space may surround the 
base of the Boss of primary tubercles, which is called the Scrohicule ” or 
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aorohmdaf mra : its outer limit, more or less circular, is the smMciilaf 
circle, and may or may not be ])erfect ; if not, the serobiculo of one 
tubercle will be found to merge into tliose of (,iio tuberelea placed doraally 
atid actinally to it, and is tiiherckr may or may 

not. Iiuvc scrobi(;uk'B. Very small tubercles incomplete in their division 
into parts are ijeiliarii's\ Unmulea are more or less nodular |)roj(otions of 
the aiul may bo large and distant or vt'ry numerous and like sliagrcen, 
and all iiiiormodiate sizes are setni. The Inbcrcles earry yjrhrs. The 
miliarics aiu! granules may carry small S]uncs or pcdiceJlaricc. 

Lovell lias lately pointed out that much of the tamameniatloii of certain 
genera,, such as ridgws, ail muuilifoi’m, pedunculate, and largo granules, 
linear or vermiform elevations, and groovings, is duo to the calciiication of 
a membrane placed in early life ujioii the plates. This ornaiiientalion is 
J^ipistromu (Loven, Eeh. dose, by Liniuiius). 

iJ<n'r(H:eutral or Apical This is ahaetinal or dorsal, and consists of 

Baral plalcry Iladlal pUlea united by sutures or fused or Bcjiarated by soft 
tissue (formerly termed Cleailal and Ocular), tlie madreporile, and of 
the periproct'.al plates in some, and sometimes of intereuiated platx^s. In 
the iEndoeyelica tlie periproctal ring, composed of basal and sometimes 
of radial plates, surrounds the MemhranG and phdes of tlie pmproat 
and the anal opening, with or without anal plates. Tlie gemtul glanda, 
within the test, open externally by duels, and one or more of them may 
perforate a Basal plate, or the perforation may be in the intorraclium 
beyond the dorso-central system. All or some of the basal plates may 
be thus perforated, Each lladial plate has a canal with a single or 
double orifice, and in the Laljneehinoidea more than one canal may exist ; 
the position of the opening dillers, but it appears to refer to the prhnU 
live large tenlaele, and not to an ocular organ. Tlio liudial plaics, 
live in number, may either be placed within the angles formed by the 
actinally projecting Basal dilates, and are then external, or one or more may 
project between tho Basal plat e,s and separate them, In the Endocyidiea 
if liio Kadial plates touch the nuirgiii of (ho periproct they enter the 
fkigA Tho Basal plates a.re eillicr tivii or four in muuher, and when the 
iutter number prevails il» is due to the absence or iueomplete dovclopment 
of the posterior Htmi plat e. Tlie Perproct is within the Dorso'^ernlral 
Hystem in the ihulocyeliea, and there are plates covering iti more or less. 
The may be iVw and symmetrical and, t.ihmgular, or numerous and 
more or less ovoid, circular, or iiTcgular in oniline, and placed coiieeDiri- 
caliy, the largtJsi ant.«riorlj. A s7ir’‘<inal jhito may exisli and is large, and 
in front of the anal oriliceor in front and to the Ull sulc; riirtdy a. somc^ 
wliat mmlAmums pavement of plates otjcnrs. TJio plates carry spiniilcs, 
tubercles, granules, podiceUaiua*. The shape of the perlprud varies: it; 
may be circular, elliptical, or jiyriform ; it may have its long a,xis along 
the median lino of ilio dorsum or obliquely to it in the Endocyclica, 
When the , test is Exocyclic, tho Busul plates may bo in cxmlael at their 
sides, forming a ** compact*^ system ; when some of tho Radial plates, i e, 
the ' antewdateral pair, separate tho Basal plaim, and unite along tho 
median line, pushing the postmor basal pdates backwards, ilie system is 
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'^elmigatef when the Apical system has the poderior pair of Badial 
plates not in contact with it, bat far posteriorly and separated from 

by the junction of intorradial plates along the dorsum, it is said to be 
^Ulisjimot or disconnected^ 

The Basal 2 dates project into, or ai’e in contact with, interradla, and the 
Badial 'plates surmount amhulacra. In a great many genera “ the Madre’^ 
poTite'^ is in the right anterior hasal 2 >l(xte, which then is the largest; the 
l(ft anterior hasal plate is at that side of the right anterior, andthe^os^ero- 
lateral hasal plates are immediately posterior to the anterior pair, except in 
Elongate apical systems, where, as has been noticed, the antero-lateral 
Radial plates intervene. posterior Basal plate is in antero-iiosterior 
median line of the dorsum of the test and is in contact on either side and 
to the front with the postcrodatcral hasal plates ; or it may be absent. 

The anterior or odd Radial plate is in the median line anteriorly, and is 
in the angle made by the antero-lateral basal plates ; the posterodaieral 
Badial plates are on either side of the posterior Basal plate. When there 
is no posterior Easal plate, i\iQ posterior pair of Badial plates may come in 
contact and close the system posteriorly, or they may be separated by the 
Madreporite extending backwards. The anterior Radial plate is Bo, UI., 
the left anterior Badial plate is Bfo. IV., the left pmterior is Bo. V., the 
rigid posterior Badial plate is Bo. L, and the right anterior 'plate , mually 
with the madreporite, is No. 11. The ambulacra corresponding to the plates 
are similarly numbered. The right anterior hasal plate is Bo. 2, the 
opposite or left anterior Basal plate is Bo. 3, the left posterior plate is 
Bo. 4, the 2 >osterior Basal is Bo. 5, and the right posterior Basal plate is 
Bb. 1. The interradia in relation with the Basal plates are similarly 
numbered. (See Lovdn, Etudes.) 

The Madreporite. —A cribriform structure consisting of canals, tubular in shape, 
variable in number, with reticulate carbonate of lime between them and 
forming their walls, opening at the surface of the test, the oriEce or 
oriilces being minute and rather close, leading into the test to a canal 
which is in communication with the water-system and a renal organ. It 
has no especial plat© and the tubules of the body may be restricted to the 
area of the right anterior Basal plate, or may extend and perforate other 
Basal plates and oven some interradial plates. The Madreporite may 
exist so as to separate some of the basal plates in the Exooyclica, to form 
much of the centre of the system, and it may pass backwards separating 
the posterior Basal plates and even the posterior Radial plates, and may 
ahut against the posterior intorradium. In some Olypeastroida there may 
be but one pore in the Madreporite, or two or three situated along a narrow 
groove ; in the majority the body may be central. 

When a Madreporite in the Bxocyclica is bounded posteriorly by tb© 
posterior pair of Basal plates, Ros. 4 and 1, the apical system is EtJmio- 
phract ; but when the posterior Basal plates and the Postero-lateral 
Radial plates are pushed on one side by the Madreporite, the arrangement 
is Ethmolysian. (See Loven, Etudes.) 

Ill the Exoeyclica the periproot is in tlie median line of the posterior 
ambuiacrum, beyond the apical system; it may be circular^ elliptical, 
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oval, large or small, and even deformed and oblique ; it ina,y be supra- 
marginal, marginal, or infra-marginal ; it lias])la,ios surrounding tlie anus, 
sometimes numerous, rarely few and triangular, 

AmlmlacrHiii, one of the live amhulftcm. (See Tcsl^ Duno-ccnfral Sf/sfenf, 
Plates.) — Consists of an interjxaAferoiis area, wbicdi, is pljux'd betwinm ibo 
Iavo porlferoas .rones. The ambulacra may bo straight, curved, \va,vy, siibsig- 
mold, flaring, broad, n:vrrow, Hush or sunken, aceordiiig to iJie usual 
meaning of tlio words; tJicir patli is dorsal, amhitaf, actina,!, ]Kvrisl,omi;il, 
and buccal -liiesc being the regions of ilie test passed over. They ure 
s/Mllar, or, when the anterior one differs from t.lio others in its pores, 
dissimihir; tiiey are ('itlier C/f*,sc at the Apex, or Blsvomieded vvlicn the 
posterior .Radial plal.es .are disjunct, Tlic}'' arc mimed according to their 
position, and AnftThr or odd; 2, Antero-^ lateral, rajhl and left; 

VosfeW’laferal, also rhiht and iefl. Jhk'uli ambulaenim being a.sso(aat.ed 
with a Iladial plafc, assumes the nuiu])or of that plate in Loven’s terini- 
nohtgy. Ambulacra may have tlioir dorsal portions peialoid and the rest 
simple, except often near the porisbomo. In the Bxocyelioa tbo anttsrior 
ambulacrum and tlio antero-latoral pair are siilllcicnbly connected to form 
a Tfiditni, in conti'adiatinction to tlie postero-latcral pair, wliioli tlioii 
form a IVmum. Tlio termination of tbo ambulacrutu at tbo Pmstome is 
tbo pmsfimml mare/m of it. Tbo peialoid parts arc oitlicr flush with the 
test, or project and aro tumid, but most commonly they are sliglitly oi' 
considerably sunken, and in the last instance they frequently aro Marstqm, 
or recoptacloB for the immature young ; they may be in deep and narrow 
or broad grooves. 

QTio areas have primary and secondary tubercles in vertical rows, or 
ibo last kind may be irregularly disposed or in serobicubir circles around 
tlie prinuifies (see Plates). CrramiJes occur and Kpistroma, 

The poriferous zones are on either side of an interporiferous area,, 
except in some Palmozoic gonmai, where all the iuubulacrum is pori- 
ferous. d?iio arrangement of the pairs of pores may be. in simple 
^v^/ 7 C.s’, that is to say one pair is pla-ccd over llie ol her from peristonu^ to 
apex; or they may b(-' j)laced so tluit. there a.ro two vortical M<u*io.s, one 
nearer the ambulacro-intorradial sul.ure than the otbm*, they are (.ian! 
terfned ^AiiseflaV' (bigemiiml of aulhors) ; or tluem may Ih^ (breo vertiea,l 
rows of pairs, (ho arrangimiont being '‘/f/sovn/” (Irigeminal) ; or (.hero 
may be a (srowdod and apparenlly disordtjrly arrangemenli of (lio pairs 
near ibo perisiiomo, and it is '‘'Poli/serlafl^ 

Bimple series of jmirs of pores are <‘;it.lier absoluiwly nl.ruighir or in ares of 
throe or more pairs. The mnermost, and (hcrefoia^ the Iowt‘H(; or adorai of 
the pairs olhm ame oflhroo pairs, is usua-lly coraUHjted witli dm adorcfl plain 
of* a compomnd phlc^ and wlmn tliore aro himial pairs tbiHlislaibuiiim of 
the three pairs in an arc is closer and wider apart laterally (S('ie dekino- 
ihria^ ilg. 7, pi. v. Linn. Boc. Journ. xix.), or as in Afieropppa (see same 
plate, fig. 11). The adorai pair of (bo triplet is then not always ih,e most 
intomal of the throe. (It is clear that tlau*© aro iliroo pairs of p< rrtis to cMich 
compound plate of the bisorial Alicropi/gaf and tlmiadbro the word bige- 
minal, which used to be the term, is incorrect.) Pairs aro said to bo in 
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oblique series^ or to be oblique, when there is an outward slant of three or 
more consecutive pairs from above downwards ; but it will be found, as a 
rule, that the highest, and therefore innermost, of the three pairs is the 
adored pair of a compoimd plate, as in PecUna, In every pair the pore 
which is nearest the interporiferoiis area is the adoral of the two, or 
was so at an early age, and is or was in contact with the transverse suture 
of the plate ; but during the growth of plates the pair may become removed 
from the neighbouihood of the suture, and the adoral character lost. 
JJnipoi'Ous !:ones occur in parts of ambulacra and sometimes throughout. 
Polgporoiis amhulacra, as in Clypeastridm, are those in which besides the 
usual pairs numei-ous single 2)07'es exist throughout or in part of the ambu- 
lacruin. Pores are similar when both of a pair are the same in shape ; 
(lissimihr when the outer pores of a series of pairs differ in shape and 
siise from tbe inner series. Pores become obsolete or Tudimentary or very 
small in the zones between Internal Fascicles and the Apical system. 
Pairs of pores may either be jlush wdth the test or open out in slightly 
i*aised elliptical rims, called peripodia ; there is usually a septum between 
the pores of a pair, and there may be a costa between each pair of pores. 

Ambulacra are simple when the pairs of similar pores keep to slightly 
curved lines of vertical direction, as in Oidaris, Diadema, and Eedihmcorys ; 
and they are then often termed apetalold in contradistinction to tbe 
pefaloid condition, 'Petedoid amhdaeTa are those which enlarge between 
the apex and the ambitus, and contract again more or less perfectly 
before reaching that region ; they have large pairs of pores, and the outer 
pores of pairs are usually broader than the inner, and this dissimilarity 
increases with the boldness of the curvature of the zones. Btdjpoialoid 
is a term given to ambulacra similar to those just noticed, but the pairs of 
pores do not tend to close distally. The pairs of pores at the peristome 
or close to it may bo simply crowded ; or they may be in a pattern forming 
a kind of petal, some of the pairs being wider apart than others, and some 
put out of place and doubled,^' this arrangement is a ^^PhyUode^’ When 
accompanied by ornamentation of tho timid inter mdkd pcHstomial margins 
(bourrelet), the whole forms a '‘PloscelleP 
The “ Tentacles or Pedicels ” of the ambulacra are placed over the 
peripodia, and single, and may be prehensile and end in a dish, or be 
branchial or penicillate^ ; they may be of the same land or they may 
differ in the same ambulacrum, especially if there are fascicles crossing 
the areas, and then the tentacles of the peristomial region differ from 
those of the dorsal. The tentacles of the ambulacra are homoiopodotis 
wiien they are similar, and hetcrogjodous wlien iliey differ in shape, 
construction, and function ; siddicterogjodous when the abactinal tentacles 
are partly brancliial and partly and feebly prehensile, the actinal being 
with disks ; snhhomoiopodoiis when the actinal tentacles, although modified, 
still have stickers. Ihmichial incismis, grooves, or cuts are notches in 
the gmristomial margin for external branchim, are on either side of each 
mnhdacnmi in some orders of the Bndocyclioa, and there may be a “ Tag ” 


* 0. F. Muller, 1789, ‘Zool, Danica,' voL iii. p. IS. 
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or piece of plain test passing for some distance dorsally from the grooves, 
and they are in rehition to small tufts of external hranehies, 

^^)hendi(i are either placed visibly upon short stalks in the ambulacra,, 
usually near the peristome, or they may be partly or entirely covered by 
test ; they vary in number and exact position, and are opalescent spho- 
roidal bodies. (See Loven, Etudes.) 

Int(Tra(lutm..~-Om of tlie five areas which arc placed between tlio ambulacra, 
and reach from the basal plates of the n,pical system to the j)eristonio 
(coeoml), and iii some instances to the mouth (perlstoia ial). 

The plates are more or less geometrical and in vertical rows, and 
are united by transverse and oblique sutures with those above and below, 
and a median suture (or in some PaL^oxoic forms sutures) luiitos tliem also 
at the side. Variable in shape and in namber; when in more than two 
vertical rows those nearest the anibulacro-interradial sutures are “ ackm- 
hukemV^ 111 the Euechinoiclca the iniorradia correspond with basal 
plates, and are numbered as tlicy are, and receive the same orientation. 
In the ExocycHca the posterior luteenidinm, No. 5 (Lov6n), has the pori- 
proct occu|:)ying some space at ilie median line or suture ; and in KSjiataii" 
goida [hQ poster ioT inter radium is long, and ofienforinsactinally a sternum^ 
preceded at and towards the peristome by a lahrum, forming the posterior 
edge of the peristomiai margin, followed or not by an epistcrmmi. When 
there is a large plate on either side of the median line of the sternum, the 
test is amphidemom ; and when there is more or less of a zigzag mid the 
plates are not arranged symmetrically on either side of a median lino, the 
tost is merkUstermns (Loven, ‘ Pourtalesia’). The iniorradia may enter the 
peristomial margin, each with two plates, or with only one, as in Cmsldidus 
and in Spalangoids and Clypeastridm. The interradia are usually cow- 
iimioiis from apex to peristome, and in Oidaridm and in some Palmochi- 
noidea they are continued beyond the peristome associated with ambulacra,! 
plates t o near the stoma. But dlsamilnuiUf may liappon by ttio enhirge- 
meiit' of a,mbulaci-al plates blocking out the union of Wxe first (end smmd perk 
stomkd ill ferratldal plat erf circhuiJ' ambulacmi pIat(‘s,aH in Mellka 

(Loven, ‘ l<h,udes’). There is a, want of symm(5f.ry and similarity between 
tbearraiigeincnt.s of (lie pla tes in [hoposfero-laftral pair o/h7//rrm//u.(Nos. 

I and this is produced by the fusion of (arlahi plabvs in (ho actina,! 
region of the rhjhf pasterodafrnd interradium No. I (lan'en)* nnteritn* 
pari of the mkmidmm is a,n(l the ;^ono next t,o i lu^ post ero- 

hiieral ambulacrum is cone a. ( Hue (bvseriptions ol' I his want orsyimmd ry , 
ancient and modern, see .Lovfm, ‘ Etudes.’) 

Union of the second and third (ti & fi) plates of zone w, no sucli union 
happening in tiio corres])omUug zone of inhwradium 4, is mrnud- hekrih 
nomp of intemidinm i; union of tho Hceond plah’H of zon(> a and zone h iti 
intorradium t ,t8 ancient hdimmomp. Irregular luderonomy wlum tho 
plal,ef) &. 15 of zone h unite with plate 2 ()f zone a in iniciTndium the 
plates 2 of both zones of iiitorradium 4 also uniting i^Patmisfomaf 

The Ikmtomc, more or less central and aet.inal in t.lic Endocyclica, is 
sunken or flush, decagyiml, pentagonal, with or wiiliout, brumhial incisions 
or cuts ; the margin is composed of umhulucrai and interraciial plates, 
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and these may or may not be carried on as far as the true mouth ; or 
isolated buccal plates occur. 

In the Esocyclica the peristome varies in shape and position, usually 
actinal, and usually excentric in front ; it may be quite anterior, as in 
Poiirtalesia, It may be elliptical, decagonal, circular, oblique, pentagonal, 
or semilunar with a posterior labrum. It has a plating upon its membrane. 

Perignathic Girdle (see Test) does not occur in Spatangoida : is contmimis when 
there are processes amhulacral in development, usually arched over, and 
connected at their sides by ridges consisting of turned up and fused inter- 
radial plates (Duncan, Journ. Linn. Soc. xix. p. 179) ; is discontinuous, as 
in Cic^^iriaand Clypeastroids, w^hen there are either simple ridges or simple 
processes without their union. 

Jaws . — In the Endocjclica the pyramids are five in number, and each has a 
grooved or a heeled tooth, pointed actinally. The pyramids are in muscular 
contact at their sides ; and at their upper junction is a “ brace” radiating 
outwards from the central axis of the jaws, which is occupied by the 
msophagus; a long, bifid process, the ^^rotula,” ov co?7ipass, is above each 
brace. The projecting pai't of the pyramid bulges outwards at the 
median line, and in some genera it is solid almost to the upper part, a very 
small notch or foramen existing ; but in others there is a large foramen , 
which is arched over by apophyses of the sides of the top of the pyramid ; 
the tooth is just within this median projecting part. The jaws of the 
Clypeastroids are differently formed, and in the majority of genera overlie 
and are rarely within the single or discontiimous perigneithic processes 
and ridges, as the case may be. They have each pyramid more or less 
concave md re-entering at its median line; the projection is at the junction 
of two pyramids over the ambulacrum within the test, the reverse of what 
occurs in Oictaroida for example. In Clypeastroida the jaws are low, 
often unsymmetfical, and the teeth are aslant, or c'l^en nearly korisontal. 
Moreover, the foramen is absent, and the co?npasses also, the braces being 
rudimentary and not found at the upper junction of two pyramids. 

Fascioles are narrow bands of close granular ornamentation, which support rudi- 
mentary spiniiles and pedicellarise. The ‘Jmpetalous'^ fasciole environs 
the petaliform parts of the ambulacra, often keeping close to tbem ; the 
lateral^ or more properly termed “ niargmalf encircles the test about or 
above the ambitus ; and the peripetalous fascioles may have a posterior 
lateral branch passing beneath the anus, sometimes called mfra-analP 
The “ suhanal ” fasciole encloses a space or plastmn perforated by pairs of 
pores, placed beneath the anus, and it may send anal hranohes upwards on 
either side of the anus, and they may enclose it, forming an anal fasciole. 
The ‘internal fascicle''' crosses the ambulacra at a greater or less distance 
from the apical system. The intcrml fasciole and the suhanal fasciole are 
accompanied by modifications in the structure of the plates and tentacles 
enclosed within their areas, and are of much importance in classification. 
Spatan golds have and those genera of the group without tbem are 
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Adetcs^ tlie genera with mhanal fascioles are Pr?/mmdesmia, and those 
without tlieiu and with other fascioles tire Trymnadeies (Lovon). 

Spines vary greatly in dimensions, and in the shape and nature of tlio trans- 
verse section ; may be hollow or more or less solid and reticulate 
centrally ; externally with close or distant wedges, or a merely solid 
cireumlcrence. They consist of a shaft variously ornamented, of a base 
which is hollowed for the condyle or cup part of the joint for the reception 
of the ball or mamelon of the articulating tubercle. The base may be 
plain, or it may be crenulate, and will then correspond with a crenulation 
on, the ridge surrounding tJiebase of theiuamelon. The crenulation varies 
in amount, and it may bo present in some and absent in other tubercles 
and spines upon the same test. The opposed crenulatecl surfaces give 
att.'ichmont to the dense capsule of the joint, and there arc no muscular 
fibres in connection with them. Above the base of the s])ine, is usually, 
but not invariably, a more or less symmetrical collar, whidi projects 
beyond tlie shaft, and is sloped upwards to the shaft and ornamented with 
the striatioiis or grooves and ridges of the spine. Tlie muscula.r fibres 
which move the spine are inserted just below the collar, or upon the whole 
of the underparfc of it, and they arise from the edge of the scrobicule close 
to the scrobicuiar circle of granules or tubercles, and may form a shcatli. 
Some spines are fixed, and arise at once from the test, as in PodocMarls. 
(For general and especial structure see A. Agassiz, ‘ Eevision,’ and Eeports 
on the ‘Challenger’ and ‘Blake’ Echini; Mackintosh, Trans. Boy. Irish 
Acad. 1878.) 

Pixlicelkmm have a short or long calcareous stem articulated upon granules, 
and a short or very long flexible and soft part upon which is the head, 
formed by either two or by three valves. The stem may bo glandular or 
not, and glands exist in many instances within the head, also ruuseular 
fibres andpiorvos. Podicellariai have been classified under throe temia, and 
O. F. Midler, 1788, Zool. Ban. vol i. p. 10, called them P. yUifera, IK irk 
phyUa, and P., tridem. The first liave a splierical head and no neck, l.ho 
second have abilobate sliort head and a produced neck, and the third have 
n» bilobaic long liead often with slender valves and a neck. These t-erms are 
quite as usoful a,s iJic more modern eiiuivaUaits—/! IK ophia- 

vepha! a, iwiA IK indunfpla. The '' Globijh'a'’ (d* !la,mmm jire birgc tri'^ 
partite glands without an internal eah^arcous supjiort. 

The flgureB of PedicolJariiC in iliciiool. Baniea., vol. i. |)1. xvi., ‘ Bevision 
of the Echini,’ and in the Beports upon the ‘ Ohallenger ’ mid ‘ElaluP 
hleluni, l>y A. Agassiz, should be studied; also Valentin, 181:1, Anal., (h.in. 
Mm us, in Agassiz, Monogr. d’Ech. viv. et flm ; Hladen, l88t), Ann. & 
Mag. Hut. Hist. ser. 5, vi. p. 10:;^; ilammm, 188{>, tSonder-Abdruck aiis 
den Hitzungsb. d. ,f enaisidi. Oescdlsch. f. M.cd. u. Naiurw. 8ee also remarks 
by Dbderlein, 1885, Archiv i'. Naturg. (Wiegm.), i, p. 82. 
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SUPPLEMENTARY NOTE. 


The following Note was written during the printing of this “ Revision ” 
(Oct. 16th, 1889). 

An important work came to hand after the reading of this ‘‘ Revision,” and 
the following are necessary remarks: — 

Explorat. Soi. de la Tiinisie, Ech. Foss., 1889, MM. Thomas efc V. Grauthier. 

Genus Opisopnemtes^ Gauthier, 1889, p. 2. This, according to the system 
adopted in this ‘'Revision,” is a subgenus of Hcmlpmmtcs, 

There is not sufficient structural difference between Holaster and a genus 
Pseudholaater, Pomei, 1883, adopted by M. Gauthier, and the first-named 
genus absorbs the other. 

Plesicister, Pomei, adopted by M. Gauthier (p. 26), is said to be a Micraster 
with a peripetalous fascicle ; but, considering the shape and the distribution of 
the species of Metcdia from Sind, and the existence of the genus Meoma^ it is 
impossible to recognize the proposed genus without further knowledge about 
the anatomy of the test. 

Had M. Gauthier had the advantage of seeing the great collection of species 
of PkslolanipaSy Duncan and Sladen, from Sind, he would have placed liis 
genus Hypopygtirm in it. There is no distinction, 

Pyf/o^nstes, Pomei, 1883, admitted by M. Gauthier, comes within Catopygus 
(see miie, p. 185). Parapygiia, Pomei, is inseparable from Wohinanthm. 

Genus Addopnmstes, Gauthier, 1889, op, cit, p. 52, is a good and most 
interesting genus belonging to tho Echinoconinos. It has the characters of 
EoUnoconm^ but the mnbulacral plates are few, high, and single, and each has 
a pair of very small pores. Cretaceous j Tunis. 

EacMosoma, Pomei, 1883, is a Cyphosoma. 

Tkegastcr, Pomei, 1888, wffion compared with fossil and recent P'ihdm'm (see 
especially the tumid forms described by A. Agassiz), clearly is a true Fibularine, 
and synonymous with Fibichria. 

PUolampds, Gauthier?, op.oit. p. 97, appears to be Fcdcsolampas^ Bell, with 
a produced rostrum and periproct. 

Ortlmhimis, Gauthier, p. 105, admirably described, covers the same ground 
as Thykolmm, Pomei (amended), see p. 89 of this “Revision.” M. Gauthier’s 
generic name is the best. 

Subgenus EadiocyphuSi Ootteau, 1888 (genus), Gompt. Rend, de i’Acad. des 
Sol. Yol. 107, is a subgenus of (see mte, p. 289) with perforate and 

creuulate tubercles. 


nm. JO URN. — ^ZOOhOGY, YOL. XXIII. 
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Ahuinx, 22G, 227, 228. 

.A.c.'i.niiiccl, linns, (>8. 
Acesto, 2G0, 

Aeroci(lar.is, 51. 
Acropcltia, 52, 50. 
Acrosalenia, 48. 
Adeiopii eiistos, 305 . 
Adotes, 217, 260. 
iEolopneustes, 125. 
Aorope, 271. 

Agcmici^^ 93. 

Agassizia, 237. 
Alemndria, 105, 
Atnbtypneustos, 112. 
Amblypygus, 170. 
AnqMIetics, 20)1 . 
Aniphidotm, 26.1 , 
Am/pliiope, 159. 
Anancki/tes, 206. 
AnaBcliyticltn, 205, 
Amulocldaris, 27. 
A'lmaster, 235. 
Aiioehanus, 177. 
Anomalaiith iis, 1 55 . 
Anorliiopygiis, 173. 
Au/Jwhrlssiii^j 1 87. 
Aii/ko(H(larls\ 12,1. 

Apetal'i, 2,17, 2r»(l 
Araij] 111 ilia.', 15S, 105. 
Araclm<,),id(!,s, 0)5. 
AraThnU,)i:)Ii‘.urUK, 1,00. 
Arbaaia, 93. 

Arbac,iidic, 02. 
Arelimociidarida;, 8. 
Arcljico(,'ldariH, II. 
Arcliiaaia, 200- 
Argopatag an, 27 0. 
Aspidodiuclwiia, 55, 50. 
Aspidodiadeniatitte, 50. 
Asufobms'us, 181. 
Aefcerocidaris, 51, 59, 
Asiwodaspia, 105. 
Asteropsie, 69. 
Asterostoma, 201, 202. 
Astbenosoma, 39, 43. 
AsMclypens, 103. 


AsiTopyga, 30, 30, 75, 77, 78. 

Bolcfcia, 131. 

Bot hdocidaris, 8. 
BollirioddaToida, 7. 
Butbriopygu.s, 177. 

Breyiiia, 202. 

B'mmmr2Aia, 242. 
BiasBopatagas, 252. 
Brissopnoiistes, 241. 
Brissopsis, 248. 

Briysus, 241. 

OaUeria, 43. 

Oalynmo, 214. 

Oaratomus, 170. 

Oardiastei’, 209. 

Oassidulidai, ISO. 
Oassiduloidoa, 25, 100. 
CaysidiiluB, ISl, 

Oaiopygus, 185. 
Ocntrost;eplia.m IB, 01 . 
Ghu/i^omxdm, 1 29. 
aUmder, 200. 

Oidarkba, 20. 

CidariKS, 27. 

Cidaniida, 24, 20), 27. 
CidaropBi.s, 53. 

( Ji onob ri.sHi i.s, 250. 
CircopeK.iH, 53. 

01a.'viaBl-oi’, 201 . 
OhnHkThinuB, 277, 
OlypwiHlor, 1*1,0, 15I. 
Clypaaslricfia, M8. 
OfypaM,BtToid;i, 25, 142, 143. 

,102, 1,04. 

OlypaopyguB, 188. 

OlypoDH, 187, 

Oadbcbimm, 80, 

CodiopsiH, (>5, 

Oadopbuiais, 94. 

CollyriioB, 100. 

Oollyritidaj, 190. 
Oolobocentrotus, 117* 
Colpoiiafa, 65. 

Conahophorm, 252. 
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Conoclypeus, 140, 
Oonolampas, 192. 

Conuhis^ 167. 

Coptopbyma, 104. 
Ooptosoma, 85, 87. 

Ooraster, 236. 

Oottaldia, 67. 

Gnistuhmj 163. 

Cyclaster, 249. 

Oypiiosoma, 85, 86. 
Cyphosomatida}, 85. 
CyrtJioma, 182. 

Cystechinus, 213. 
Cystocidaris, 20. 
Cystocidaroida, 20. 

Deakia, 248. 

Desorella, 179. 

JDesoria, 233. 

Diadema, 60. 

Diadematidse, 57, 58. 
Diadematinae, 59. 
Biadematoida, 24, 36. 
Diademopsis, 62. 
Bictyoplourus, 99. 
Biplocidaris, 35. 
Biplopodia, 07. 
Biplopodiinas, 59, 67. 
Biplotagma, 70. 
Biplothecanthus, 153. 
Discooidaris, 27, 33. 
Biscoidea, 138. 

Ditremaster, 228, 229. 
Bochmostoina, 176. 
Borocidaris, 28, 31. 
Bysaster, 197. 

EchinmitUdm, 148. 
Bchinantliiis, 164, 165, 183. 
Beliinarachniiis, 158. 
Echinidse, 126. 

Echinites, 139. 
Echinobrissiiias, 174. 
EcliinobrissiiB, 175. ' 
Echxnocardium, 261, 
Eclimoeidaris, 93, 94. 
Ecbinoconinaa, 1<>7. 
Eckmocoiius, 167. 
Ecbiiiocorys, 206. 
Eehinocrepis, 287. 
Eehinoermus, 11 . 
Ecliinocyaxnus, 144. 
Ecliinoeypbiis, 101. 
Ecbinocystites, 18, 20. 
Ecbinocleriaata, 4. 
Eclimodiadema, (>1, 64. 
Echinodisous, 159. 
EcMxioidea, 4. 
Echinolampas, 190. 
Eolimometra, 118. 


Ecbinomefcridffi, 115. 
Ecbiuometrinte, 115, 116. 
Echinoneid^, 166. 
Eebinoneiis, 169. 
Echinoneinaj, 168. 
Ecbinopedina, 73. 
Ecbinopsis, 73, S3. 
Ecbinospatagiis, 219. 
Ecbmostrepbus, 123. 
Echinothrix, 77, 78. 
Echinoiburia, 42. 
Ecbinotburiclfe, 40. 
Echinotburiiige, 41. 
Eebinus, 126. 

Eucope, 160, 

Eniebaster, 215. 
Ennalastei*, 220. 
Entomaster, 311. 
Eooidam, 12, 27, 33. 
Eodiadema, 81. 
Bolampas, 200. 

Epiaster, 2iS. 

Etbmolysii, 230. 
Etbmopbracti, 230. 
Eiiecbinoidea, 4, 21, 24. 
Biipatagus, 253. 
Emxchinm^ 121. 
Eurbodia, 184. 
Burypneustee, 124. 
Empatangus^ 253. 
Evecbiniis, 133. 

Faorina, 227, 231. 

Paujasia, 189. 

Pibularia, 146, 
Eibulariidae, 166. 


G*agaria, 91. 

Qalerites, 167. 
O-aleroolypeus, 189. 
G-aleropygus, 141. 
(xctTclia, 78, 

Gautbieria, 88. 
Gemcopatagus, 266. 
mohaior, 173. 
Glypbooypbinttt, 96, 97. 
GlyphocypbiiB, 1)7. 
Glyptecbiuiis, 128. 
Glypticus, 54. 
Gomphechinm, 87. 
Gmiocidaris, 32. 
Goniopborus, 46. 
Goniopneastes, 113. 
Goniopygus, 52. 
Grammecbinus, 115. 
Grasia, 199. 

Gualtieria, 257, 
Guettaria, 311, 
Gymnodiadema, 83. 
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Ilagonowia, 210. 

Ilaiinoa, 174. 

H.mmtax I tm, 22(1. 

Ilarclouinia, 18o, 

HcheHia, oO. 

IMmiJmms, 1 52. 

HeUocuhm, 119. 

Hoiiufistor, 225, 229. 
Heinicidaridtv, 48. 
Hemicidai’isj 49. 
Hemidiadema, 50. 
Hondpatagus, 222. 
Heniipeclina, 63. 
Hemipneustes, 209. 
Hcmipi/gus, 49. 

Udcr aster, 220. 

HeterohrismSi 242. 
Ileteroceiilroiiis, 1 1(1 
Ileieroeidai’is, 75, 70? 77? 123. 
Heberodiadeina, 05. 

Iletoi-olain pass, 22 1. . 
Hetorosaleiiia, 47. 

Hipponoe, 132. 

Holaslor, 207. 

Holectypoida, 25, 135, 
Holectypus, 136. 
Holopneusfces, 114. 
HoinalaiwpaSj 275 . 
HyboeMiius, 17. 

Hyboclypus, 198. 

Hypeohinus, 149. 
Hypodiadema, 33, 60. 
Hijpopi/gnrm, 204, 305. 
liyimalmia, 46. 
I£l/pf<ocli/p€us, 194. 
Hypsopatagiia, 239. 

Ilariona, 178. 

Iiifraclypeus, 198. 

Irifulastcr, 210. 

Isasler, 217, 
l802>neiistcs, 241, 255. 

Jeroiila., 207. 

Kkinia, 248, 

Koiiincbocidaris, 9, 

Laganida*, 150. 

Ln-gaiiuni, 150. 

Lainpndastca*, 20<S. 

Laiiicyria, 168. 

Leioeidarb, 27,31. 
LcioaypliuB, 104. 

Loiopeciina, 1211 
Leio^Meiide^, 243. 

LeioBOma-, 87, 

Lenifca, 103. 

Lepidesthea, 10. 
Lepidaeentfus, 9. 


Xiepidocklaris, 12, 

Lcpidoploi iri s s. 1 04. 
Leptoeidiirie, 34, 55. 

Les/ela, 278. 

Leskiidaj, 278. 

Leucmtcr, 229, 

Linopneufi(:cs, 223, 257. 
Lintliia, 233. 

Lissonotm, 275. 

Lohophofa, 159. 

Loacopbonis, 252. 

Loriolm, 05. 

Loveiiia, 203. 

LoxecMmis, 121 . 

Macra-ster, 218. 
Mac,ropiiousto.s, 239, 254, 255, 

MagiiOHiix, 00. 

Marciia,, 252. 

Megalisier, 221, 

MelecUwis, 15. 

Mellila, lOi. 

MeUibella, 102. 

Molouitcs, 15. 

Melonitida*, 15. 

Meoiaa, 24^ 

Mespilia, 110. 

Motalia, 245. 

Metaporhiims, 204. 

Micrastor, 240. 

Micvocyphiis, 111. 
Microdiadonia., 02. 
Microlampas, 395. 
Mieropeclina, 75. 

MkropeltJs, 87. 

Micropsia, 89, 91. 

Mievopyga, 70. 

Mix;ro8(ma, 88. 

Milletia, 191. 

Mhto.rmfrr, 219, 221. 

Moira, 238. 

Muirop.siH, 238. 

Monophora, I (>L 
’M<)Hualy(,4iia,, 153. 

Morl.oui't-, I'Hi, !03. 
M.<ailiasia, 147. 

'Na.eospa.ln,ngii.M, 250, 
'N5}Oca.l;<'>pyguH, 18(1 
’Nriol.-utipiis, .055, 

NoopiuaiHles, 2.58. 

Niirleiflifts, 175. 

Nucli'opygoH, 172. 

208. 

Oligopodia,, 170. 

Oligoporvis, 10. 

Oligopyghue, ',1,73. 
Oligopygus 174. 

OolaMer, 200, 
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Oolc^ygus, 185. 
Opechinns, 1 08. 
Opisopneustes, 244, 304. 
Opmaster^ 229. 
Oriolampas, 194. 
Oruitbaster, 236. 
OrthccUnuSi 305. 
Orthociclaris, 33. 
Ortliolopbus, 100. 
Ortbopsin03, 59, 80. 
Orthopsis, 80. 

Oviclypeus, 179. 
Ovulaster, 273. 

Pacbyclypeus, 142. 
Palajechinoidea, 4, 5, 7. 
Palscechinus, 13. 
PaltTobi-issus, 26S. 
Falmocidans, 9, 11, 
Paimdlscus, 18, 20. 
Pala3olampas, 194. 
Palseoi:)neListes, 223, 257. 
Palosostoma, 278, 
PalflC'otropus, 273. 
Paradoxeohiniis, 101. 
Paralampas, 184. 
Fwmpygus, 183, 305. 
Parasalenia, 119, 120, 
Farasler, 235. 

Pediiia, 72. 

Pedinince, 59, 72. 
Pedinopsis, 68. 
Pelaneehininse, 41. 
Pelanecbinus, 41. 

Pel tastes, 45. 

Pcriaster, 233, 234. 
Pericosmus, 232. 
Fenomisteri 229. 
Feripneustes, 255. 
Fcrischocidaris, 1 0. 
Perischodomua, 10. 
Periscboechinoida, 8* 
Fcnmelia, 156, 

Pcruiiia, 82. 

Fekdcmter, 200. 
Plioliclocidai’is, 18. 
PhoruK>soma, 42, 310. 
Pliyilacaniktis, 28, 32. 
Idiyllobrissus, 187. 
Pliylloclypeus, 192, 194. 
Piiyrneciiinus, 69, 
Fky/uosuma, 8(), 

Pileas, 136. 
Piaeodiadema, 64. 
Pkiyionoius, 243. 
Piatybrissiis, 222. 
Plesiantbus, 154. 
Plesiaster, 294, 305. 
Piesiocidaroicla, 19. 
Plesiodiadema, 56, 64. 


Plesiolampas, 193. 
Plesiospatangiclas, 199. 
Pleurecbinus, 107. 
Pleurodiadema, 66. 
Fllolampas, 294, 305. 
Plistopbyiua, 71, 

Podocidaris, 96. 

Pclycidaris, 34. 

Polycyp)hiis, 79. 

Polyporinte, 121. 

Porocidaris, 32. 

Poropeltis, 46. 

Pourtalesia, 2S4. 
PourtalesiidjE, 279. 

Prenaster, 235. 

Prionecliiniis, 134. 
Progonecbinus, 84. 
PfotoeohimiSi 13. 
Prymnadetes, 217, 224. 
Prymnodesmia, 217, 239, 273. 
Psamniecbinus, 127, 
Pseudasterostoma, 203. 
Fscudholaster, 294, 305. 
Pseiidoboletia, 123. 
Pseudocidaris, 51. 
Pseudodesoi’olla, 190. 
Fscudodiadema, 57, 60, 61. 
Pseudopedina, 72. 
Fmulopyyauhis, 200. 
FseitdoscUema, 46. 

Pygaster, 137. 

Pygastricles, 138. 

Pygaulas, 171. 

Pygoptistcs, 294, 305. 
Pygorhyncbus, 182. 

Pygurus, 189. 

Pyrina, 172. 

BacMosonm,, 294, 305. 
Badiocypbus, 305. 
Ebabdocidaris, 27, 31. 
Bbinobrissiis, 240, 258. 
Bhoecliinuis, 14. 
Bliynelaopygus, 182. 

Botiila, 163. 

Botulnidea, 148. 

Eamphla, 15(j. 

Buna, 147. 

Salenia, 47. 

Saleuiicbe, 45. 

SaUaacis, 109. 

Salmacopsis, 110. 

Surisclkt, 263. 

Saoiynki, 78. 

Scbizaster, 234. 

27, 3t). 

Scutella, 158. 

Scutellidse, 157. 

Scutellina, 145. 
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Sismondia, 145. 
gpafcangicla3, 210. 
Spatagocystis, 280. 
Spatangoida, 25, 160. 
Spalaiigoidoa, 25, 205. 
(Spataiigomorpiia, 240, 
gpatangiw, 251. 
Spliierochinus, 122. 
Shc/aster, 201), 210. 
Steii<c)nia., 216. 
Stephaiiocidai'is, 27 . 
Storcosomaia, 25. 
Stigiiiatopygus, 1 82. 
Stirechiniia, 128. 
Siomcqjorufi, 255, 250. 
Stoineehinus, 74. 
StoiiiopiieuBtcs, 119. 
Streptosoiiiata,, 25, 411 
hSiroiigy] ( tccii trolais, 1 21 . 
Studeria, 185. 

Temiieo] linns, 108. 
Teuinocidavis, 38. 
Tonniopleuriclai, 90. 
Tcniiio|:)leii]nmx}., 97, 106. 
Temn opleunis, 106. 
Toti'acidaids, 85. 
Tctrar/ranwia , 00. 
Thcgasteri 204, 805. 


Thyleeliinus, 89, 

Tiarocbinus, 19. 

Tiarl% 49. 

ToxasfeTj 210 . 

To^vohrlmL‘i, 248. 

Toxocidaris^ 121. 
Toxopneustes, 121, 180, 181. 
Trachyaster, 228, 229. 
Trachypatagm, 255. 
TmnatO'pyg%i&, 175. 
Trialiodiadcma, 61 . 
Trigonocidaris, 105. 
IVipiieiLstcs, 132. 

Tripylus, 220, 227, 229, 231. 
TrochaUa, 181. 

Troseholia,, 244, 

Tuheras/er, 222, 200, 208. 
2\lphlcchhin,% 1 8. 

[Trcclriniiuxs, 211. 

‘Hrechmus, 212, 

VerhvcJcia, 248. 

XaMhohmatis, 245. 
Xenocidam^ 293. 

Zeiiglopleurus, 108. 


ADDENDA ET COEEIGENDA. 

PiroBM:090MA, p. 42. Prof. Jeffrey Bell hiis sbowB (Anu. & 
Msifg. Nat. Hist. 1889, scr. 6, voL iv. p. 486), during tlic printing 
of tin's Ecvisioii, t'ha,t In l^onmmma pUeenM^ Wyv. Tlioiiis., tlie 
internal branehia), or Stewart’s organs,” may be present/ in n> 
nidinientary or Yostiglal (‘ondition. .lie observoH thal- ilie orgaais 
are not to bo traced in P. Irarmrimii jukI P, lenvax l)nt lie docs 
not lay inneb ntress upon tbis, m tlie HpccirncniH, unlike tboso of 
Flwmmoma pheeMa^ luul bee-n for .many yea-rB in spirit, ''Idi.e 
longitudinal internal inuBcles, bo well dt^'scribcnlby lirn. Sara/siii iii 
Ahihenosoma, are aliBcnt iu Iliomosoma- It is dillicult to nui,k;e 
out whether tlio indicaiiions of tlic prcBOuee of tlie organs, in 
the drawi.ng given by A. Agassiis of I:\ tenue^ ^ Ohallenger ’ 
Eeport, pi xiv. fig. 2, are really not intCBtinal TUb appears to 
be the case in pL xii. 2, 
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It is necessary, thanks to Prof. Bell’s work, to make the fol- 
lowing corrections .* — 

Fhormosoma, p. 42, should he in a new subfamily of Echino- 
thuridse. 

Therefore ; — 

P. 40, 5 lines from bottom, after “ a series of longitudinal 
muscles ” add may exist or not ; ” and 6 lines from bottom, after 
internal very large ” add “ or ill deyeloped.” 

P. 43, 14 lines from bottom, add “ Internal longitudinal muscles 
absent ; internal IrancMce small or nodhnentary^^ 

P. 44, 20 lines from bottom, add Internal Ircmdiicd large; 
internal longitudinal muscles developed,'^ 

P. 45, 13 lines from top, /or “ Cyphosomidm ” read “ Cyphoso- 
matidm.” 

P. 207, 20 lines from top, expunge “ Syn. Guettaria, Grautliier, 
1887. Unto 7 naster, Gauthier, 1887.” 

Fassim, for “ Peron ” read “ Peron.” 

M. V. Gauthier has obligingly sent me his generic descrip- 
tions of Guettaria and JSntomaster, which were not available 
before the last sheet but one of this work was in the press. 

Genus Guettaria, GautUer, 1887, Assoe, Frang. pour VAmm, 
d, 8 gi. (Toulouse), p. 528. 

This genus is allied to Oardiaster, and has a deep narrow 
anterior groove actinally, with a sunken and almost circular 
peristome in it ; the tubercles are larger than in MicrasteTy and 
there is a posterior notch resembling that oi Semipneusteso 
There are two large pores besides the small tentacular pore in 
each aiitero-lateral radial plate. 

Cretaceous : Africa, Tunis, and Madagascar. 

The genus Fntomaster, Gauthier, 1887, op.cit. pL xvi., appears 
to be of siibgenerie value, like lampadaster , Gott. I place it 
provisionally as a subgenus ot Solaster* 

Cretaceous : Africa, Tunis. 
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Intensive Segregatioiij or Divergence tlirougli ii.idepen,deut 
Transformation. By Eev. John Thomas Ghliok. (Com- 
iniinicated hj W, Percy Sladen, P.L.S.) 

[Read lOtli December, 1889.] 

In a previous paper on ‘‘ Divergent Evolution through Cumu- 
lative Segregation ” I liave enumerated eighteen classes of 
natural causes Mhich produce either Separate or Segregate 
G eneration t? and which, in their combined action, tend to 
produce cumulative Segregation and divergent evolution in every 
part o£ the organic world. I have there shown, with suiUeient 
fulness, that cumulative Segregation always produces cumulative 
divergence or poljtypic evolution ; but I have not fully shown 
how Separation from the first involves more or less Segregation, 
or how Segregation, that at first divides the species into sections 
with reference to some one endowment, is always tending toward 
intensified Segregation in which the sections present differences 
in regard to an increasing number of endowments. 

After expounding the principles on which these laws of diver- 
gence rest, I will give a few examples of divergence, calling at- 
tention to the complete correspondence between the facts of 
nature and the principles expounded in this and tlie previous 
paper. 

Separation always involves more or less Segreyntion^for no two 
portions of a species possess exaeily the same average cliaraetGr, 
When a homogeneous species is divided into two large sections, 

* Journ. biiin. Boa, 55ooL vol. xx. pp. 189- 274. 

i' Beparato Generation, or Separaiuon, is the indiscriniinale division oJ' n, 
species into sections tiuit do nob inU'-rgonerato. Bogrcga.bs Generation, or Be- 
gregation, is the Indopondoub Gouoraiiou of diilemv}. soetions of a Hpocios when 
the sections are eoniposcd of sonuswhat divergent classes of variations. Bi^gre- 
gabion differs froni Selection in tlmt. the lattoi' denotes the exclusion of certahi 
hinds froni opportunity to propagate, while the former -denotes the division of 
those that propaga.to into classes that are prevented from intergonerating, I 
use intergenerata rather than interbreed that I may have a term equally a|)pli- 
cable to plants and to animals. In dependent Generation, or the prevention of 
intergenoration, wlietlier it be through Separation or Segregation, I somotiines 
call Sogeiieration. Darwin used Isolation as equivalent to geographical sepa- 
nition, while later writers have sometimes used it as equivaloiit to Independent 
Generation. Following Darwin, I use it for distribution in different areas, 
.especially when barriers intervene. 
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it Ilia j be difficult to prove bj measuremeut that there is any 
difference in tkeir average character ; but on general principles 
we may assume that, at least in some points, there is a slight 
difference. It is evident that when the separated sections are 
small there is more likely to be diver sitij in the average character 
of the sections, and that, roughly stated, the probability of 
divergence from this cause will be in direct proportion to the 
variableness of the species, and in inverse proportion to the size 
of the different sections. -.When a few stragglers form a small 
colony in an isolated position there is the strongest reason to 
expect that they will not be able to propagate the characters of 
the species in exactly the same proportions in which they are 
produced by the main body of the species, or by any other small 
colony that is propagating independently ; and when the original 
stock has been rendered highly variable by the crossing of some- 
what divergent varieties, the degree of difference that will pro- 
bably be presented by any two independent colonies will be 
correspondingly increased. We must bear in mind that, while 
specimens possessing an average character in any one respect are 
always abundant, those perfectly representing the average in every 
respect are rarely, if ever, found. Now, is it to be supposed that 
any one, or any small number of these imperfect representatives 
of a species will, if separated from the rest, transmit all the 
characteristics of that species in the exact proportions presented 
by the average character of, the original stock ? 

Mr. Erancis Galton has conclusively shown* that in the children 
of parents whose heights deviate from the average of the race to 
which they belong there will be a similar deviation amounting on 
the average to a certain fixed proportion of that presented by 
wliat he calls the mid parentage. The mid-filial deviation in the 
grou])s investigated by him was about two thirds of the mid- 
pareiital deviation. There is therefore a regression in the average 
character of the offspring toward the typical character of the 
group. It must be observed, however, that this law can hold in 
full force only where there is free crossing, otherwise no divergent 
race could ever be formed by any amount of selection and inde- 
pendent breeding. 

* See “ Types and their Inheritance/' an address before the Section of 
Anthropology of the British Association in 1S85 ; also ‘ Natural Inheritance,’ 
p. 07. 
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Eight Pbinciples oi^ Monotypcc Evolution. 

Let m now consider liow this initial Segregation, wbicli m 
alwa.ys present where migrationor geological subsidence produces 
iiadiserimiinite Scpiiration, is enhanced and intensified by -the 
cooperation of other principles, and how forms, segregated tlirougli 
possessing different characters in some o,ne respect, come to 
diyergo in other respects. For example, when differences of 
colour become tlie occasion for sexual and social Segregation, how 
does this open the way for divergent transformation in habits of 
feeding and in a thousand other respects ? The principles co- 
0 perating with Independent Generation in producing this en- 
hanced divergence arc all causes of simple trans formation, or 
monotypic evolution when there is free intergoneration. Diver- 
gent breeds of domestic animals have always been produced when 
the different sections of a species in the care of different races of 
men have been prevented from interbreeding, thus securing their 
Independent Transformation during the process of domestication. 
So in imtiire, when any form of Independent Generation has been 
established, any cause of transformation that may afterwards 
arise will always produce more or less divergent evolution, and 
never that which is in every respect parallel. But we must 
defer the discussion of this subject till we have enumerated the 
more manifest of the principles of monotypic evolution i”— 

1. Assmilatloml Transformation^ or modification due to defi- 
ciency with economy, or redundance with profusion, of growth, 
resulting from different degrees of assimilative power. Eco- 
nomy of growth, ” is a term already in use, but a term is needed 
that shall include both this and its opposite. 

2. Stimulatmial Transformation^ or modification produ.ced hy 
changed motions in the fluids of an organism responsive to 
changed molecular influences in the euvironment. Under tliia 
principle we may place the direct influences of liglit, heat, elec- 
tricity, the dampness of the air or the saltness of the water in, 
which the organism is bathed, the quality of the food, and all 
stimulation from pliysieal and chemical causes, exclusive of tliose 
resulting in muscular activity or tlie movement of organs. 

3. Suetudinal Transformation^ or modification due to the effects 
of use, disuse, and habitual effort in producing motions, and 'hi 
resisting the strain of gravity and other forces tending to produce 
motion. Suetude is not found in the dictionary, but I venture 
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to use it as including both assuetude, which is being accustomed 
to, being practised in, habitual use, — and desuetude, which is 
disuse, discontinuance of practice. This principle has been re- 
cognized by most biologists, though it has recently been called in 
question by "Weismann. 

4. Emotional Transformation^ — Dr. C. T. Eiley, of the N ational 
Museum, Washington, has called attention to the influence of 
parental emotions, especially maternal emotions during the term 
of pregnancy, as a factor in evolution (Address ‘‘ On the Causes 
of Variation,” before the Section of Biology, American Asso- 
ciation, August 1888 ; also in ‘ Popular Science Monthly,’ voL 
xxxiv. pp. 811-816). 

5. The cumulative development of adaptations through the 
survival of the fittest ” when the fittest are other than average 
forms. This is the principle of TJnlalanced Selection or of Se- 
lectional Transformation. 

G. Transformation produced by the indiscriminate destruction 
of a portion of a species, with the accompanying probability that 
tbe remaining portion will not possess all the characters possessed 
by the species previous to the elimination. This principle I call 
Unhalanced TJUmination, or lEUmmational Transformation. 

7. Transformation produced by difierent degrees of amalga- 
mation of the varieties and races which have resulted from previous 
Segregations. In most species there is a constant process of 
amalgamation by which thousands of minor varieties are absorbed; 
but when the process proceeds beyond ordinary limits, and the 
barriers that have divided well-marked races give way, transfor- 
mation must follow. This principle I call Diversity of Amalga^ 
mation^ or Amalgamational Transformation. 

8. The cumulative development of the more fertile of the forms 
that are equally adapted. In other words, transformation pro- 
duced by diversity in the relative fertility of varieties that 
are equally adapted to tbe envix*onment and the constitution of 
the species, or by change in the degrees of fertility possessed 
by the same variety at diiferent times and in different places. 
This principle 1 call Unldlanced Tecundiig^ or Tecmial Trans-- 
formation. 

Of these principles, ail, except the 6th, 7th, and 8th, have been 
more or less discussed by writers on biology, though some of the 
forms of Selection depending on the relations in which the 
members of a species stand to each other have never been 
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pointed ontj and many writers have failed to obnerve tlial; natin'al 
selection often •producers fixity of typo iiusliaul oT transfVir!nai4b)ii5 
and tisat divergence in the Iviiuls of natural Kebnitioii d(^|)oii(!.M 
on Segregation, and not nccetSvsarily on expoHuro t^o diiTeivni; 
environments. 

j\ssimilationa1, Stiinnlational,Suctu(lina1, and Emotioiml d^rans- 
forination belong to a class of principles tbiit Invvo sometimes been 
grouped under the tcrinVariation, while SeIeetioiial,EIiminational, 
Anialgainational, and EeciindalTransforination maybe classed as 
principles of Unhalancei Fropagation, It should, liowever, be 
carefully noted tluit Variation nsnally indicates deviation, from the 
average, an entirely clifleixmt factor from those wbicli relate to the 
eliango of the average itxSelf. It may tliereforo bo well to grou]) 
these first four pi'inciples as principles of Immhdion. The 
principles of Unbalanced Propagation are abundantly established 
as gennine methods of change in the average inheritable cliaractors 
of species, not only by experience derived from the domestication 
of plants and animals, but by observation of similar effects pro- 
duced by natural processes. On the other hand, the principles of 
Involution, though very marked in their influence on individual 
character, cannot be easily tested as to their effects on tlie inlierit- 
able characters of species. Weismann maintains that ac(|uired 
characters cannot be inherited. If this is so, there can be no 
involution of specific characters, and the only fixetors in mono- 
typic evolution are the causes whose laws of action are expressed 
in the principles of Unbalanced Propagation. 

I have not mentioned Acceleration and Eetardatiou ” as 
principles of transformation, for they seem to be but 'jxhaso.s of 
the law of Suetude ; for, as explained by Cope, the former is the 
effect of Use or Effort in the parents, producing in the oftbpidiig 
accelerated inheritance, while tlie latter is duo to Disuse or Ces- 
sation from Effort, producing in the offspring retarded iiiluu'i- 
taiice So also Hyatt’s “law of Concentration ” (or “ Accele- 
ration,” us he often calls it) seems to he a general law of ■inluu.’i- 
tance relating to the transmission of characters originating uncica* 
any and every principle, the eflbcts, whether progressive or reiro- 
gressive, being inherited at earlier and earlier ages in cadi suc- 
cessive generation t. It is also doubtful whetber Corrdaied 

^ ‘Origin of the Fittest/ pp. 203-7, 228. 

t ‘Proceedings of tlae American Association/ vol. xixil pp. 3r)2*.3()i 
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Transforiiiat 3 i.i 4 . snould be considered a separate principle, for it 
seems to be sirriplj the inberitaiice by offspring of cliaracters that 
bave for many generations been united in the endowments of at 
least a portion of tbeir ancestry, and tlie correlation of these 
endowments must have been produced throngli the action of 
other principles. 

The prevalence of males in times of pressure, with the prevalence 
of females in times of plenty, is regarded by Br. W. K. Brooks, 
of Johns Hopkins TJuiversity, as a characteristic established 
by natural selection, hy which the organism acquires variability 
or fixity of type according as either character is most needed ; for 
according to his observations the males represent the former, and 
the females the latter element. There can be no doubt that in 
many species the males are more variable than the females, and 
that in some of the same species the proportion of males increases 
with the degree of adversity ; but this does not seem to be snfii- 
cient ground for maintaining that ihe increase in the proportion 
of males will increase the variability of the ofispring. Increase 
in the number or amount of the variable element does not neces- 
sarily involve increase in the variability of either element, or 
in the offspring of both. I find need of additional factors in order 
to bring these facts into any relation to the increase of variability. 
Granting that the sperm -cell is the source of variation and the 
germ-cell the source of fixity, and that increased tendency to 
variation in the offspring will he secured by an increased range 
of variation in the sperm-cells, it does not follow that increase in 
the relative number of males will increase the range of variation 
ill the sperm-cells, and therefore in the offspring. But if conflict 
with the environment and the winnowing process of natural 
selection falls most heavily upon the males, there must be some 
advantage in having their relative numbers increased in times of 
adversity ; and if the exposure of parents to hardships increases 
the variability of either male or female offspring, and especially 
if it increases the variability of both, plasticity will be increased. 

Prof. Cope’s “ Doctrine of the Unspecialized ” C Origin of the 
Pittest,’ pp. 232-5) rests on the fact that the most highly special- 
ized types, as well as individuals, are most likely to be exterminated 
by extraordinary changes in the environment ; and Mr. Hyatt s 
“ Geratology ” (‘ Proceedings of the American A.ssociation, vol. 
xxxii. pp. 349, 360) teaches that types that are being slowly ex- 
terminated usually assume forms resembling those produced by 
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old ago and disease in tlio individual Those and other pa?al],ol 
laws in the growth and decay of types and individuals aro of 
great interest, as they afford organic conditions under wliicli the 
principles of transformation must act. 

After eonsidoring certain general propositions tliat a|)ply 
equally to all of the eight principles above enumerated, I sliall 
consider more particularly what the effect of some of tliese prin- 
ciples is when cooperating with Independent Generation. The 
only principles I shall treat in tins special way are the four 
principles of Unbalanced Propagation. 

The Tbahsfobmatioi? oe ebeet^t Ioteboeheratiiitg Obo-abis’ms 

KEVEK DiTEBOEHT. 

I mention these eight principles of transformation, not with 
the purpose of entering upon a full discussion of the same, but 
simply to point out the relation in which they all stand to diver- 
gent, or polytypic, evolution. It is evident that whether acting 
separately or together, they can never be the cause of divergent 
evolution in organisms that are freely intergenerating ; for in 
such a group of organisms whatever modifies one part of the 
group ill characters that are inheritable will ere many generations 
modify the whole. If the group is exposed to a variety of inhar- 
monious conditions, which with Independent Generation w^ouki 
produce divergent character, with free Intergeneratioa the only 
result will be variation. Without Segregation there can be no 
permanent divergence ; and with Segregation there must be di- 
vergence; and with cumulative Segregation there must be cumu- 
lative divergence. This principle, which I call Didergenee through 
Segregaiion^ was the subject of my previous paper. 

iKDEEEHnEITT TbAHSEOBMATIOK HETEB PaEAELEL, BUT 

ALWAYS DiVEEGEKT. 

\ If any species is divided into two or more sections that do not 
intergenerate and that are severally subject to highly complex 
transforming influences, it can only be by a series of coincidences 
which tlie reason refuses to receive as in the slightest degree 
probable that any two sections will be modified in exactly the 
same way. This high degree of probability, amounting to a 
certainty, that when causes of transformation cooperate with 
causes producing Separation or Segregation,’ the result in sue- 
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eessive generations will be increasing degrees of Segregation and 
of divergence, is what I call the law ot Intensive Segregation. The 
different forms of this principle, resting on the certainty that the 
cooperation of any one of the principles of transformation with any 
one of the principles of independent generation wiii produce 
increasing Segregation with increasing divergence; are the fol- 
lowing 

1. Assimilation al Intension, or Segregation and Divergence 
through Independent Assimilation. 

2. Stimulational Intension, or Segregation and Divergence 
through Independent Stimulation. 

3. Sicetndinal Intension, or Segregation and Divergence through 
Independent Suetude. 

4. Umotional Intension , or Segregation and Divergence through 
Independent Emotional Transformation. 

5. Belectional Intension, or Segregation and Divergence through 
Independent Selection. 

6. Eliminational Intension, or Segregation and Divergence 
through Independent and indiscriminate Elimination. 

7. Amalgamational Intension, or Segregation and Divergence 
tlirough Independent Amalgamation. 

8. Mcimdallntension, or Segregation and Divergence through 
Independent Fecundal Transformation. 

In groups that do not intergenerate, divergent forces reveal 
themselves whenever transformation is introduced. If it were 
possible to believe that in any case the effects of Independent 
Selection or of Independent Suetude had been completely 
parallel, it would still be impossible to believe that both of these, 
together with the remaining six principles of transformation, 
would ever so combine as to produce completely parallel effects. 
It is a familiar fact that no two persons are exactly alike ; and 
it is probably true that no two groups of any organism are exactly 
alike. Though we cannot fully explain the fact we accept as a 
eertaintg the non-^eguivalence of hiologiml quantities ; and con- 
sequently we assume with confidence that there cannot be com- 
pletely parallel transformation in isolated sections of a species, 
even if all are. surrounded by the same environment. This 
principle is not inconsistent with the production of what Prof. 
Hyatt calls representative or parallel characteristics ” in two or 
more divergent series of forms. What he points out is that, 
under the influence of heredity, similar organisms exposed to 
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Himikir environments undergo similsir tranaformation f/ATiiiiver- 
wary Moinoira oF the Boston 8oel<‘iy of Natural iliwtorj,’ 1880 ; 

Genesis of the Tertiary 8peeiesof at Hteiidiciio/’ 

pp. 54-29). 

In ihedcseaaption of ikcsc primn[)les I hav<5 used ilio adjective 
“ liidepeiulent ” to signify that the principle is Of>crating in 
sections of ike species 'llnit are proventod iVoiu iiittn-gencraiing. 
ll“Iso]atc‘l Stdeciion were used instcvid of Indepcmdotit 8elcciion, 
it would be constantly liable to be understood as meaning Selec- 
tion acting upon sections produced simply by geograpbical sepa- 
ration ; for Darwin never used Isolation to designate the pre- 
vention of free crossing in other ways. In tlie term ‘‘ Iiid(^.pend<mt 
Variation ” Mi*. Bomancs has alia'ady used the ad jcictivc “ In-- 
depmdent^'' m accompanied tvith the ptawerUmi 

of Inter crossing and a, a it is loss likely to bo iniwunderBtood, I 
piefor it. Part of what liomanes indicates by Iiidepondeut Va- 
riation” is, I iliink, in. my sclieinc distributed between the four 
principles of Assimilatioual, Eliminational, Amalgamational, and 
Fecundal Transformation when acting on iudepondent groups. 
As these principles are quite distinct, the separate names will be 
a convenience. If there are other foi^ms of transformation, tlie 
causes of wliicdi cannot be given, I would prefer to class them as 
due to unknown causes rather than attribute them to Variation, 
which, as there used, is only a name for unexplained transfoniia- 
tion. I would not turn Variation from its usual meaning, which 
is deviation from the average character of an intergenerating 
group. 

Tirn Pkevasive Influence oe the Causes of TEANSFOiiMArioN, 
AN.D THE LaAV OF InT.KNSTON, 

In my paper on Divergent Evolution througli Oumnlalivo 
Segregation,” p. 215, I made the statement tluit, Wlion So|)a- 
rate Generation is long continued, we have reason io belii've, it 
always passes into Segregate Generation witli divorgent evo 
iution.” The same had been expressed in a provioim paper by 
the statement that Variation is so strong, that all that is neecs- 
sary io secure a divergence of types is to prevent their inter- 
mingling The certainty that independeni Generation with 
transformation will never produce parallel, but always more or 

^ Diversity of Evolution under one Set of External Conditions/' Journ. 

■ Lim» Soc,, Zool. voi. xi. p. 490. 
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less divergent evolution is the law of Intensive Segregation already 
referred to ; but in addition to this certainty there is a very 
strong’ probability that where' Independent Generation is long 
continued, transformation of some kind will supervene. If there 
are any species in which the power of cumulative variation has 
been entirely lost, this latter law cannot hold in their case ; hut 
it is doubtful whether among species that reproduce sexually 
there are many such. The variability of some species is so small, 
and the conditions of the environment are so constant, that com- 
paratively long periods of Independent Generation pass before 
perceptible transformation arises. This seems to be the case 
with the 13- and 17-year races of Cicada septemdeeim^ to which I 
shall refer when giving examples from nature. Ifrom the high 
probability that long-continued Independent Generation w^ill be 
followed by Independent Transformation, and the certainty that 
Independent Transformation will be divergent, there follows the 
corollary that long-eoutirined Independent Generation will pro- 
bably be attended by divergence. In other words, Independent 
Generation long continued is almost always attended by Iiidc- 
pendeut Transformation ; and Independent} Transformation in- 
evitably produces Divergence, This double principle I call the 
law of Intension. This law rests on the ubiquity of transforming 
influence, and on the impossibility that in a species possessing any 
plasticity the inherited effects in any section independently^ 
generating sliould bo exactly the’ same as in any other section. 

We cannot doubt that, when a diversity of powers and sus- 
ceptibilities in the different sections is acted upon by a great 
variety of inffuenees, the responses of the different sections will 
be unlike ; and the result will be increasing segregation and 
increasing divergence. !Now it is impossible to doubt that in 
species propagating sexually, and possessing some degree of plas- 
ticity, these are exactly the conditions whenever the species is 
divided into sections that do not in ter generate. 

It should be observed that, in accordance with the principle of 
Intension, not only is indiscriminate Separate Generation when 
long continued transformed into more and. more strongly Segre-, 
gate Generation, but any form of Segregate Generation, resting 
on some one principle that causes the division of the species into 
sections differing in regard to some one form of endowment, 
will, if long continued, be inevitably reinforced and intensified by 
transformations, which, being independently combined and trans* 
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inittec]^ will multiply the number of characteristics in regard to 
which divergence takes place. If, for example, the pollen of a 
given variety, when 'falling upon the stigma of the same variety 
or race, is impotent over the pollen of any other variety or race 
that falls upon the same stigma at the same time, or at a some- 
what earlier time, wliat I call Prepotential Segregation will divide 
the s|)0cies into two groups that are prevented, for the most part, 
from intergeiiorating ; and these separate groups, gradually 
coming under the influence of different degrees, forms, and com- 
binations of the transforming principles, will in time become 
strongly characterized species. It is not, however, necessary 
that all or any of these forms of transformation should cooperate 
with Segregation in order to produce a distinct species. The 
.accumulated effects of Segregation, unaided by these principles 
of transformation, would be sufficient to produce well-defined 
species ; but it is impossible that they should often remain 
unaided. 

As the law of Intension is one of the most general of the laws 
relating to divergent evolution, it is not strange that the prin- 
ciples through whicli it is made evident are of a general nature* 
The marvel is that concerning so wide a law the evidence is so 
complete. 

IJtILITAETAN and NoK-XJtILITABIAN DiTEEaENCE, 

The principles of Suetude and Selection are directly related to 
the development of utilitarian characters ; but the eflects of the 
other six principles are often not only wanting in, but opposed 
to, utility. Assiinilational Transformation includes redundance of 
growth, which is not always, as well as economy of growth., which 
is always, utilitarian. Borne of the inherited eflects of Stimula- 
tion and Emotion fortify the constitution against the destructivo 
itiiluences of the environment, while others leave the offspring 
more exposed than the parent. Unbalanced Elimination, Amal- 
gamation, and Fecundity may be advantageous, useless, or dis- 
advantageous. We have, therefore, in these six principles of 
transformation abundant cause for the introduction of non- 
utilitarian characters ; and, when accompanied by Independent 
Q-eiieratioii, they must be the source of multitudes of iion-utili* 
tarian divergences. In the earlier stages of divergent evolution 
the non-utilitarian distinctions ure more ahundant; for in the 
later stages multitudes of them are weeded out by economy of 
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growth (as has .been clearly pointed out by Mr. Eomanes ; and 
still others^ through coming under new conditions in the envi- 
ronment or through some new habit of intelligence, become useful 
endowments, and are brought under the preserving and accumu- 
lating influence of Natural Selection or of Suetude. It should, 
however, be noted that the development of useful specific differ- 
ences is as much due to Independent Generation as is the de- 
velopment of useless specific differences. Diversity of Suetude 
or of Selection does not produce divergent evolution unless 
it cooperates with Independent Generation. 

SeiiECtiokal Intension, 

or Segregation and Divergence 'produced hg Independent 
Selectio7i. 

That we may gain a clear apprehension of the nature and 
influence of this principle, certain discriminations, which have not 
always been recognized by writers on the subject, are absolutely 
necessary j and, for the sake of avoiding misunderstandings, it is 
desirable that these distinctions should be represented by clearly 
defined terms. I am fully aware that many will be opposed to 
the introduction of new terms into the treatment of a subject 
that has been so long and .so ably discussed. If these discrimi- 
nations were not found necessary by the author of the Origifi of 
Species,’ or if the distinctions, so far as recognized by himself 
and others, have been expressed in the language of ordinary de- 
scription, why should a more accurate terminology be needed 
how ? In reply, it may be said that 'the freedom from technical 
language which is a great advantage in a work which for the first 
time calls attention of the world to a vast subject, is a serious 
defect when the exact relations of the subject come under 
discussion* 

In order to secure clear thinking on the subject, I have found 
it necessary to keep the following distinctions constantly in 
mind : — 

(1) The Selection that results in the transformation of species 
is not the selection of one species to the exclusion of another. 
The breeding of the horse to the exclusion of the ass modifies 
neither the one nor the other. It is the exclusive generation of 
certain variations of a single intergenerating group that gradually 

* Physiological Selection,” Journ. Linn. Soc., Zool. voi. sis. p. 383. 
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transforiDS tlie gtoup. When., th ere fere, wc speak of Helect.iori, 
as a cause of transformation, we refer to the Selection of the 
variaiiotis that are to interbreed and keep up the r;icc^, to 
the exclusion of other variations. In order to maintain the 
same distinction in the nomcnelature of natural processes, wluitl 
call Selection is caused by the failure of certain forms of a species 
to perpetuate their kind as contrasted with the success of other 
forms. IF the failure includes all tlie forms of a species, I call it 
the Mel Inc /ion of that species, Jand class it as a cause of trans- 
formation in the remaining species only so far as it makes a change 
in their environment, 

(2) The exclusive generation of certain forms of an inter- 
generating group does not n(‘(*e8sari]y result in transibrination. 
Experiments in artificial breeding show that if wo select- only the 
typical represeiitativos of a race, the general character of the 
race is not changed, tliougb any tendency to fluctuating variation 
may be gradually diininished, and the stability of the type in- 
creased. When, however, one form of deviation from the mean 
is constantly selected without a counterbalancing selection of the 
opposite deviation, the transformation of the race is always the 
result. In other words, Balanced Selection iproduces SiabilUy of 
bPf/pe, and TJiibalaiiced Selection produces Transformation of 
Type. 

In the light of this twofold law wo sec liow there may ho 
siringent Natural Selection without transforming effect. It has 
sometimes been maintained that the iransfoinnation of species 
through ihe Natural Selection of favoured races is a- rioceBsary 
proc(JSS which must be operating in nearly every species ; for in 
nearly cveuy species there is a constant struggles 1)elwcen tins 
differe.iit Ibrms of variation ; and as it never 1m-p])ei)s that all the 
forms are equally successful, the ])rocess of Natural Seleciion is 
always bearing in full force upon th(s spexaes. ,11' h- could btj 
shown that Natural Selection, wherever it exists, must necim- 
sarily produce transformation, it would be ijupossihle to resis-t 
the conclusion that nearly every species is undergoing i,.ransfo.!> 
matioii through this cause. But it is Un!)alaiici‘d, and jusver 
Balanced, Selection that prodtices transformation. Wo also see 
that lieredity tends to make the most successful form the average 
form, and thus to convert IJnbalanced into Balanced Selection. 
From this it follows that in order that Belection should pro- 
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duce continuous transformation, it is necessary tliat the form 
of variation selected should from time to time be cliaiiged. This 
may be expressed as the law o£ Oontimious Transformatio^i 
through Successive Changes in the Character of the Selection, 

Though Selection produces transformation only when it in- 
volves the survival of other than typical forms, it is still very pos- 
sible that there are but few species in which completely Balanced 
Selection prevails for very many generations in succession. It is 
still certain that long-continued Independent Selection gradually 
passes into diversity of Selection producing divergent evolution. 

(3) Though in more than one passage Darwin maintains that 
uniformity of external conditions involves uniformity of Natural 
Selection, and that isolation can have no effect in transforming a 
species if physical conditions and surrounding organisms remain 
the same, still, I think, that if the question had been distinctly 
brought before him, he would have admitted that exposure to a 
new or changed environment was not a necessary condition for 
change in the character of Sexual Selection. Now I think it can 
be shown that, besides Sexual Selection, there are several forms 
of Selection that depend upon the relations of the members of 
one species to each other, and that may undergo change wdthout 
the organism being exposed to cither a changed or a different 
environment. 

Selection depending on the relations of the organism to the 
environment I call iEnvironal Selection^ of w^hich I find two 
kinds, namely : — Natural Selection and Artificial Selection. Selec- 
tio3i depending on the relations of the members of a species to 
each other I call Befle^cive Selection^ the chief forms of ■which I 
call Conjunctional, Dominational, and Institutional Selection. 

(4) * It must be carefully noted that Divei'sity of Selection 
depending on diversity in the relations of the organism to the 
environment, does not necessarily involve the exposure of the 
organism to different envix'onmcnts. In other words, change 
even in Environal Selection does not necessarily involve either 
change in the euvironment or the entrance of the species into a 
new environment. It may be due to a chauge in the methods of 
appropriating the resources of the environment, introduced by 
the organism without any change in the environment. Darwin’s 
teaching seems, at times, to be in conflict with this statement, 
but there are passages in his witings which distinctly state that 
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variations in instinct may lead to different habits of siistentatioBj 
and it is evident that, as soon as the qualities that win success 
in the different sections differ, tho Natural Selection must 
differ. 

It should bo remembered, however, that the meaning of 
anyone^s statements on this subject will depend on his delinitioiis 
of tho words used. What is meant by environment, external 
conditions, and other similar terms? Until we define we shall 
only beat the air, how’^ever exact our statements may be. I 
therefore repeat what I have elsewhere stated, that, according to 
my definition, change in the environment is always change in 
activities that lie outside of the species, or of the segregated 
group of individuals that is under consideration. In Darwin’s 
usage, the phrase “ Change in external conditions seems to 
carry the same meaning ; bat in some places this can hardly be 
tho ease, and accordingly great obscurity hangs over some of his 
statements on the most important subjects. 

Diversity in the uses to which different sections of one species 
put their powers, when appropriating resources from the same 
environment, must produce diversity in the forms of variation 
that are most successful in the different sections. This I call 
Active Mattml Selection as contrasted with Passive Natural 
Selection^ which varies according to differences in the environ- 
ment. All diversities of Natural Selection that do not vary 
according to differences in the environment must he classed as 
diversities of Active Natural Selection, for they must have 
originated in some variation in the powers of tho organism, or in 
the diversity of uses to which it IuikS put its powers. Divers! i.y 
in the successful use of the powers of the spocies, whether iuh 
tiated by diversity in tlio action of the Bpeclcs in its differaut 
sections, or by diversity in the activities of the dillerent cmviroii- 
ments, iiccesHarily introduces diversity of Natural Selection, 
This principle may be expressed as the Bcpemlmce of Bkersii^ 
of Ada]} fat ion al Selection on Dwersiti/ of Successjul Ihc. 

(5) Now diversity in the sueccsafiil use of its pcmuu’s in the 
different sections of a species cannot be maintained and accumu- 
lated without some degree of Segregation between the different 
sections, for within one intergenerating group every initial 
divergence is speedily merged in the general character of the 
group. This law may be briefly defined as the Bependeme of 
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Jncmising Bifferenee in the hinds of Adaptational Selection on 
the Qontkuiance of Segeneration. As was sliown in my paper on 
Biverg-eiit EYolution through Ciimuiative SegTegation/’ without 
the aid of causes preYenting intercrossing the selection of other 
than average forms will produce transformation^ hut never diver- 
gence^ — will produce Monotypic, hut never Polytypic Evolution. 

(6) Diversity in the character of the Selection may be intro- 
duced, not only by the intervention of new forms, but also by 
the cessation of old forms of Selection. We shall find that 
important differences of this kind may arise, resulting in con- 
siderable transformation before any new form of Selection has 
distinctly supervened. A good illustration of the Cessation of 
Selection is found in the increasing frequency with which human 
mothers, notwithstanding their failure to give suck, succeed in 
raising their children. The power to give suck is through this 
process being diminished in the more civilized races, though 
there is no reason to believe tliat those who do not give suck 
have, on the whole, any advantage over those who do. Tlie new 
result is tliereibre being produced, not by the iiitrodiictiou of a 
new form of Eilio-parental Seiectiou, but by the cessation, or the 
weakening, of an old form, lloinanes was, I believe, the first to 
point out the eftects that must often be produced by the 
cessation of Natural Selection but he has not considered the 
cessation of other forms of Selection. 

(7) It is often convenient to distinguish between Selection 
resulting from rational devices and that resulting from the 
superior success of oi'ganisins better adapted than their rivals of 
the same intorgenerant to the natural laws and conditions of the 
environment, or to the natural constitution of the species to 
which they belong. The former I call llational Selcctidn, and 
the latter Adaptational Selection, Under the former I place 
Artificial and Institutional Selection, and under the latter I 
place processes that are as unlike as Natural and Sexual 
Selection, This classification does not, however, seem to me so 
important, or so fundamental and clearly definable, as that which 

See ail article on “The Factors oi‘ Oi’ganic Evolution” in ‘Aature, 
yoL jxxvL pp. 402-404, in which reference is made to previous papers in which 
the Cessation of Natural Selection is discussed* 
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rests on the fact that some forms of Selection depend on the re- 
lations in which, organisms stand to tlic eiiviruimiontj while others 
depend on tlio relations in which the memhers of the same 
species stand to each other. It may here bo noted tliat Arti- 
ficial Selection is the exclusive generation of those that arc better 
fitted to the rational environment, through the lailiirc to 
propagate of those that are loss fitted. The eflbct is tlie same 
whether the failure to propagate is through lack of adaptation 
to litimau })iirposcs, or through lack of adaptation to the 
unreasoning envirouinent. Natural Selection is propagation 
according io adajfiaiioii to the Natural environment, and Arti- 
ficial Selection is propagation according to adaptation to the 
Eatioiial environment. 

(8) ii.nothcr discrimination wliicli 1 have found it convenient 
to make, is that between Comparative and Superlative Selection. 
Oomparciiive Nakmil Selection is the direct result of varying 
degrees of adaptation to the environment, witliout the additional 
iaflucuco of rivalry between the memhers of the same species. 
It is propagation of the fitted, according to the degrees of their 
fitness, controlling the expansion of a species before its members 
crowd and supplant one another. Superlative Natural Selection 
arises from the competition of members of the same species for 
the possession of identical resources, and results in the survival 
of those only tliat arc most perfectly fitted to the environment. 
Comparative Selection is the Survival of the Titted— of all tlie 
fitted, according to their degrees of fitness j Superlative Selection 
is the Survival of the Mitest — of only those who through, siiper- 
laiivo fitness can, in a crowded comnmuity, find the susicnaiice 
and other conditions necessary for perpciuatiiig their kiatl. 

The fallowing classification (p. 329) of the forms of Sc loci ion 
will, I think, bo a lielp in maintaining iliese and other dis- 
tinctions. 
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FOEMS OF SELECTION. 


ADAPTATIONAL SELECTION. 


EATIONAL SELECTION. 


Natural Selection. 


Artificial SeUctmi, 



C=i. 



Active. 

Passive. 



Active. 

Passive. 





Susteiitational Domiaatioii. 
Protectiorial Domiuatiou. 
Mclificatioual Domination. 
Nuptial Domination. 


Natural Sehotmu — As Natural Selection involves not only 
tlie superior propagation of tlie better fitted, but iiic inferior 
propagation ot the less fitted, and the non-propagation of the 
least fitted, it may be described as the UMlmive profiafjatmi of 
time letter fitted to the natural omironment^ through the 
failure to propagate of the less fitted. Transformation by means 
of Natural Selection depends on varying degrees of adaptation 
to the environment in creatures that are iniergenerating, the 
higher degrees being possessed by other than average forms. 
Divergence is produced by Natural Selection only when to the 
above conditions producing transformation are added causes that 
prevent intercrossing between the sections that arc being iiide- 
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pciuleiiily transformed. 'In otlicr words, Inile])enilent Waiimil 
ISeleeiioii prodmos Dlverffence* 

f:^esiiaJ Seleeiion is tlic ex'clitsivo propngatiuu of tiioso lietier 
fitted to the sexind eonsti till ion o£ the species iliroiigli the 
failure to propagate of the less fitted, in the Avords of i)a,i'wiuj 
“ It dc])eiids on the advantage whicli, certain individuals have 
over others of the same sex and species solely in res|)eet of 
reproduction.”'^' It is the form of Keflexive Selection wliicli has 
rocoived Darwin’s attention, and is conscc|iicntly familiar to all. 
There are, liowxu'cr, cerl.ain points that need to he empha- 
sized. 

Ihiis is the principle in accordance with which coiTespoiidonee 
is secured hetween tlic external charaeieristies and the sexual 
inatiiicts of a species, and also Ijctwcen the instincts of the two 
sexes, in as far as they relate to reproduction. This result is 
secured partly hy the failure to propagate of those whose powers 
of attraction and coiiipiest do not roach the standard dciuandcd 
by the instincts of tlio other sox, and partly by the failure of 
those wliosc instiucis diverge too -widely from the typical charac- 
teristics of the other sex. For example, on the highlands of 
Jlortli China I have observed a species of creeping cricket of tlie 
genus Bradyplwrm^ the male of which calls the female by a sharp 
stridiilation, to which the female responds by approaeliing the 
male and finally climbing upon his back. Now wo can well 
understand that the call of the male has been brought to its 
present shrill, penetrating perfection tliroiigh the failure to attract 
iiiatcB in tlie case of males that were but feebly endowed; but it 
is equally certain tbat iliose Ibmales whoso sluggisli instincts 
have been capable of responding only to an unusiialJy intense 
call have, for the most part, failed of leaving ollspring, and, it 
any liavc been so unreasonable as to wait' for the male to j^cek 
tliem out, they have, doubtless, perished without per|)etruiting 
their perverted instincts. If my vie\v is correct, tla^ change 
producing divergent sexual characteristics may bo eitlior in the 
instinct, or in the characters with which tlic instinct is correlated. 
It seems probable that in the vast majority of cases the more 
strongly divergent forms have been reached by a multitude of 
deviations alternating between the psychical and the pliysiolc- 

* ‘ Descent of Man/ 3rd page of Chap. VIII . 
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gical and morphological characters of the species^ the chief, in- 
dispensable condition being the prevention of interbreeding 
between the diverging sections of the species. 

Sexual Selection is sometimes referred to as if it were the 
influence of sexual instincts in giving character to the organs of 
a given sex, first bj the instincts of the same sox rousing the 
organs to siieeessfnl activity in securing propagation, the degree 
of success depending on the degree of adaptation of the organ to 
the purpose of the activity (as in the case of barnyard cochs 
winning_ partners by the use of their spurs), and, second, by the 
instincts of the opposite sex being roused to successful action 
according as the endowments of the given sex are fitted to the 
end (as in the case of peacocks winning partners by the display 
of ornamentation). Starting, however, wnth this conception of 
the nature of Sexual Selection, ^ve shall find great difficulty in 
obtaining from tlie principle any explanation of the origin of 
species, or of divergent evolution of any kiml. If divergent 
instincts are tbe causes of divergent forms, colours, and qualities, 
what are the causes of the transformation of tlie inslincts in 
linos that are persistently divergent? The problems of trans- 
formation and divergence are as for from solution after the 
application of the theory as before. 

If, on the other hand, we recognize Sexuval Selection as the 
harmonizing of the forms, colours, and qualities of a species with 
its sexual instincts, and of the sexual instincts with its forms, 
colours, and qualities, we shall not claim that either set of cha- 
racters is directly and continuously the eanso of ’transfoiunation 
ill the other ; but rather that the two sets play upon each other 
in such a way as to produce a state of unstable equilibrium in 
both sets, the result of which is indefinite transformation in the 
secondary sexual characters of each section of a species that 
constitutes a separate fntergenerant ; and that the Independent 
Transformation inevitably results in Divergence, In Darwin’s 
presentation of the principle of Sexual Selection, the chief 
endeavour is to show that differences in voice and ornamentation 
between the males and females of the same species are probably, 
ill a large degree, due to diversity in the action of Sexual 
Selection upon the difterent sexes ; but this is a very different 
result from differences in the same respects between those of the 
same sex in closely allied varieties and speeie>s ; and no clear 
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loulerataiidiHg of ilio subjoot will over ])C roaoliod till tlioae wlu) 
Ktudy niid diainisa auhjort d,iw('rinii!iai;e lKd;\veeii i,lK/Ko two 

(*iaaa(\y of ;plicii()inoua. I'lio Foriiialiou of iliil\'ren(,‘ea of the 
former kind ia siinpki inuiafornialion witlioiii tliv(M'goiHa\ wliiki 
tlic ciiiraiiee of (liderciKHas of ilu^ Jaifio* kind k divergxmt evolu- 
tion tending to tlio production of separate speeicH. 

If ii sj)ocios doficiciii ia scxarjidary sexual distinei ions, a, tier 
being divided into sogix^gakul scMdIoiis, afiaius a. high dcrclo])-' 
mciit of ouch disi-inelions, it is easy to bdieve iliat ihcywill be 
developed in difrcrenl, ways in Ibe diffmaviit sectionSj and 1liat 
tliiis fhc}’ will becoino spe(;ilie distinctions ; but it is not; so easy 
io see wby a species in wliieb sexual disiineiions have already 
been fully dcnxdoped Blionid iiiulergo divergent (dianges in ibe 
dilFcreiii seciions into which it maybe divided. It is in such 
cases idiaii wo discover the ini[)ortant influence of wdnit 1 have 
called itnstablc equilibrium. It seems probable that in some 
eases small differences originating flirough indeilnite variaiion 
in only a few isolated individuals arc seized upon by the exaggo- 
rating fancies of the other sex, and arc tlms first preserved 
tlirongli isolation and then exaggerated by Sexual Selection. In 
other words. Independent Seamed Selection jirodueea Ser/ref/edion 
and Dkmrgenee, 

Social Sedeeiion is the exclusive breeding of those better fitted 
to the social constitution and instincts of t])e race throiigli the 
failure to breed of those less fitted. Social oigaidzatiou has 
reference chiefly to co-operation in securing snstentation and 
defence. If for each species therc^- we.i‘e but one possible foiau of 
social organization ihroiigh which sustontatioii could, ])c s(‘ciircd, 
there would 1)0 no need of eonsidcudug Sot'ial 8olc(d;io:rg ibr the 
Ibrin of social organ izatimi would be rigoj-ously deimaniiUHl by 
Natural l^iclection, a,nd the success of the individual, tbrottgli 
conformity to tliat orgaaiizaiion would iTe sufficiimily exphiiiied 
by the pri!ici[)lc of Natural Selection, ilut diflV;re,ut forms of 
social organization are often cxliibited 1>y the same or closcdy 
allied species ; and we find tbat, in such cases as clscw'liere, the 
])rosporii 3 ' of tlic individual is largely dependent on his con- 
formity io the social organization to wliich he belongs. Social 
Selection must, therefore, in some cases have been an important 
factor in maintaining a correspondence between the ca..|}aciiies 
and the social organization of a race or species. When a spcMities 



IKTEJfSITE SEGEEGATION. 


333 


or a section of a species is undergoing a cliange of social liabits, 
tliere will be individuals that fail through reverting to the old ^ 
instill ets and methods which put them out of accord with the rest 
of the community. But through the failure of these the inherited 
instincts of the race are brought into increasing accord with tho 
new habits till, in the case of most species, there are but few 
individuals that fail through lack of appropriate social instincts. 
IN'evertheless in tho branches of the human species that have 
attained the highest civilization the process is still far from 
complete, for the instincts of many individuals are in conflict with 
civilized habits. 

Wq find that the natural faculties that are best fitted to secure 
individual success, and a numerous and long-continued descent, 
arc different under different forms of civilization. Social hahits 
in a great measure determine the food and clothing, of a commu- 
nity, and thus deeply aflect the qualities of the race. The 
exposure to wiiich the young arc subjected is also largely deter- 
mined hy social custom, and so the quality of the constitution 
that is permitted to survive. In other wmrds, the form of 
Parental Selection that prevails in any community is often 
determined hy Social Selection, as the form of Social Selection is 
sometimes deteriniued by Natural Selection. Many matters, 
which amongst irrational animals arc determined by instincts . 
guiding the individual directly to tho needed resources and 
showing what provision must be made, are with man; determined 
hy social instincts leading the individual to follow the general 
experience or traditional habits of Iiis clan. 

As in countries where there are no beasts of prey the gre- 
garious instinct of cattle ceased to ho a necessity for the preser- 
vation of life, it is no longer maintained by Natural Selection, 
blit it may be preserved by Social Selection ; for though occa- 
sional stragglers appear, they are, through lack of adaptation to 
the social organization, specially liable to fail of finding mates, 
and therefore to fail of propagating their kind. Between the 
capacities of a commimity and its social organization there is a 
constant action and reaction which tends with more or less 
rapndity toward transformation ; and this tendency is increased 
when a small community, during a long separation from other 
communities, gradually increases in- strength, independently con- 
structing a civilization of its own. In other wmrds, Independent 
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Social Seledion iemh (owartl illWijent evohiiion of cajmeifio^i 
and of social orgnnizalion. 

J^llio-jia j'cn lal Solcal ioji h ilic oxr.liisivo hroedin^i*’ of ilioso bailor 
adiipied to the redationMin winoli paroiitH Jind ()Hq)rin,i 2 : sijuid to 
(‘ach otliei’, tbrongli tho failure toJivc anil |)r{>|m,gatcndMl^ loss*, 
ntlapted. lEow ilie ]>ow<h’ of ,i’’iving >^iu*.k iind i.he corn'fcilioiidiiig 
iii.siinct for t^uedting were (irhii dovelopial i(, maybe impossible to 
tell; blit it is evident thal baring once Imim esiablislied as tlii^ 
metliodof siistcntation for tli(^ ofmaininals, any young lack- 

ing tlu; iristiind would ])orisb witboiit leaving dirsceni. Thert^ is 
every reason to belimu'. ibai-, with iiie. cx;cej)i.ionol; man, it may be 
truly Baud of every individual mammal, tlniiall its a-ucc^si ry, tlu'ougli 
all its generations tlud; lutve edapsed since 1 hey became lairly mani- 
inalian, have bad iliis instinct in full force; and yet it sometimes 
fai Is, and tlio line of de»sccnt is cut sborfc. Till comparatively reecui; 
times the same wa.sl;rue of man; but \vc now find some causes in 
whieli tho young survive in spite of their inability to aiielv, and 
the constancy of this mavumadian characteristic is being gradually 
impaired. There is also in some races au increasing tendency in 
sliorter periods of lactation, or to tho entire Buppression of the 
riincddon ; so that it seems .nol: improbable that there may yol 
arise a variety of the Imman species in whicli the power will bi‘ 
com])arativcly obsolete^ 'Under such conditions the instinct for 
sucking would cease to be of any ad vantages widh.‘ special adva.n- 
tage would accrue to those liest able to tlirivc on i hc^ artiiicial food 
habitually provided by tlie pa.reuts. In some t^ouriiries this 
would be tlie milk of ruminaidng animals, wlnlo in oi her I'ouutrios 
it would b(‘ some' vegetable pioparaiion. In tlu^ islands oi‘ 
Mieron(‘sia It is tin* sap that exudos from tbe eut end of thcj im* 
matures fruil-stalk of the cocoa-nut iiaav In dapan iJ,- is a kwihI. 
(aviract ofmalt. Through this diversity in lh<5 foml provi<l(Ml by 
fiartmts for their infants and small cliildtcn, IIutc is (wen now a 
consiant divei'sity in the Fareiital Selei^tion prevailing in dillerent 
coiuiiries. Diversity in tlm forms of Parmiial Hclcd ion is also 
produced by dnu'rsity i.u the clothing and a..rliiicial heat pi'oviikal 
by parents, in the protection, on the one hand, of children from 
the wind and rain and direct rays of the sun, ant!, on tho oilier 
baud, their eiposiire to the same with shaven heads or naked 
bodies, and iu the methods of binding, cramping, arid mutb 
biting the liead, feet, waist, and other parts of tlm body, ihxnn 
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this point of view we see bow largely the form of Parental Selec- 
tion is determined by social custom, and how it is sometimes 
enforced by Social Selection, wliich excludes from tlie benefits of 
the caste or tribe all who have not been throiigli the ordeal. 

As Filio -parental Selection is dne to different degrees of adap- 
tation between the parent and offspring, it may be cliaraeterized 
not only by fatal departures in offspring from the characters 
rec|uired in their relations to their parents, hut by fatal depar- 
tures in parents from the characters recpiired in parents in their 
relations to their offspring. As an example of the former, we 
may refer to tlie cl eat] i at birth of cluldron with excessively large 
heads ; and as an example of the latter, to the death at birth of 
all the children of a mother with a contracted pelvis, 

Dominatioml Selection, — Variations that are equally fitted to 
cope with the environment maybe divided into two classes — those 
better able, and those less able, to cope with other members of the 
species in appropriating resources. Increase of population and the 
consoc[uent competition between members of the same species con- 
demns the latter to premature death, or at least to failure in propa- 
gating, unless they find new resources by migrating or by changing 
their habits. Competition between kindred for the possession of 
identical resources we find directly connected with three quite dis- 
tinct principles of evolution: — (1) With the principle of 
fhe Selection tending to tlie destruction of all forms except those 
most fully adapted to the environment ; (2) With the principle 
of Bomlnatioual Selection tending to discriminate between those 
equally adapted to the environment, through the success and 
consequent propagation of those only that are best able to cope 
witli their icindred in appropriating advantages ; (3) With the 
principle of Competitive Disruption^ tending to break up old 
relations and old habits, and so preparing -tlie way for the forma- 
tion of new habits producing segregation and divergence. Of 
these three pi'inciples, the last was referred to in the secoiid 
chapter of my paper on Divergent Evolution through Cumu- 
lative Segregation,” p. 221, and the first has already been men- 
tioned in this paper. The remaining one I shall here briefiy 
describe, without attempting to show its important influence on 
the transformation and divergence of species. 

Dominational Selection is the exclusive breeding of those better 
able to appropriate natural resources, or mates, or the provision 
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made by parents or society^ not throngb being better fitted to tbo 
enviroiimeiit or to the organized methods of co-operation and 
assistance, but tliroiigb being bettor able to ovorconio or outdo 
tbeir rivals of the same species. It results irom the contest or 
rivalry with each other of members of tbo same Bpccios that are 
equally fitted i:o the environment and to tho constitution of the 
species, and the consequent failnro of all that are not able to 
cope Avitli their kindred. ^‘^The law of battle” is a form of 
Dominatlonal Selection wln’eli "Darwin emphasizes as having 
great inliiicnce in. determining wliat males shall liavo the best 
success in procuring mates. But there is a similar law deter- 
mining what indiviclnals shall obtain the resources funrisbed by 
nature, or elaborated by parents and society. We may have 
Doiiii national Selection relating to sustentation, protection, and 
nidifieation, as well as to the possession of females. And in 
gaining a single end there may bo a great variety of dominating 
methods. Combat bet'sveen males for tlic possession of females 
is not found in the vegetable kingdom ; but the prepotcnce of 
the pollen of certain flowers over that of other flowers of the 
same race may play a similar role. 

Dominational Selection differs from Natural Selection in that 
it does not depend on degrees of adaptation to the environment, 
and from other forms of Eeflexive Selection in that it depends on 
a quite distinct form of the relationship in which members of tho 
same species stand to cacli otlier. It seems desirable that this 
form of selection, wdiich depends on adaptation for overcoming, 
outdoing, or supplanting others of the same species, should bo 
clearly disting'nished and named* We fiirtbor note that them 
can. bo no doubt that Dominational Selection acting for many 
generations on sections of a species tliat are prevented from 
intercrossing will in all probability follow somewhat dillerent 
lines. In other words, Independent Bominational SdecHon will 
produce Mcerfient evolution* 

Insiitidimal Selection is a form of exclusive breeding closely 
related to Social Selection, but differing from it very much, as 
Artltlcial Selection differs from Natural Selection. .Institutional 
Selection is the influence of institutions, customs, and laws in 
determining wdiat classes of individuals have an opportunity to 
marry and raise children. In most civilized countries criminals 
convicted of important offences are so confined as to proveiit their 
adding to the population of the community during the time of 
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tlieir confinement. Tins is a inetliod of improving tlie race tliat 
iiiiglit fie carried further than it has fieen. In some countries 
the insane are confined in asylums and not allowed to marry ; 
and ill other countries ecclesiastical and military restrictions 
prevent certain portions of the community from raising families. 

Result of the foregoing Simeg of Belectional Intension. 

The analysis wdiicli wo have now completed enables ns to see 
how far changes in the form of Selection are due to changes in 
the environment, and how far to changes in the organism. We 
find : — First, that all the forms of Eeflexive Selection are due to 
the relations of memfiers of the same species to each other, and 
are liable to change without any change in the environments. 
Second, that. Active Natural Selection is due to change in the 
successful use of the powers of the organism in dealing with the 
environment, and is not dependent on change in the environ- 
ment. Third, that Passive Natural Selection, wdiich is due to the 
exposure of the organism to a different environment, is often 
produced by the organism’s entering a new environment without 
there being any cliange in either the new or tlie old environment. 
Fourth, that ■when Passive Natimal Selection is produced by 
change in the environment, the more efi‘ective forms of Selection 
do not appear till the organism has so imiltiplied as to produce 
what I call Superlative Natural Selection through intense com- 
petition between rival individuals of the same species in gaining 
possession of limited resources. And, fifth, that Passive Compa- 
rative Natural Selection, which depends on change in the envi- 
ronment, without special rivalry between the members of one 
species, also depends on variation in the adaptations of the 
organism, many of which variations do not depend on, that change 
in the environment which has produced the change in the Natural 
Selectioji, nor, indeed, on any change in the environment except 
those fundamental pliysieal changes by which the world has 
passed from its primitive gaseous to its present partially liquid 
and solid state, rendering it a fit abode for organisms. 

Eliminatiokal Intension. 

Elimiiiatioiial Intension is Segregation and divergence pro- 
duced by the indiscriminate destruction or failure to propagate 
of part of the individuals of similar sections of a species. Though 
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iiid is criminate destmction cannot be classed as a form of Natural 
Selection 5 it may iieverilielcss be the cause of transformation ; 
and wlicn a species is distributed in sections tliat are prevented 
from intergeiie rating-, divergent evolution will often bo liastcned 
by tlic indiscriuiiiiatc destruction of ])art of the inombcrs of one 
or more of tbc sections. If a species inhabiting a largo island is 
divided by geological siibsideneo into two equal sections, then^ 
may be a \a‘ry dose resemblanee in the average cliaraetcr of tln^ 
twao sections ; ])nt if a subsequcjit oru])tiou of hot aslies desii’oys 
a largo portion of ihe Individuals of one section, or of both, the 
])robability of a close corres})ondcnee in the average diaractor 
of tlie two sections will be very much less than before tlie 
eruption. 

Again, when an area occupied by a species is divided into two 
or more equal districts, the occupants of whieli can have little or 
no opportunity I'or crossing, divergent evolution will arise in the 
different districts unless there is some constantly operating eauso 
that ensures all the varieties that survive and propagate in any 
district shall survive and propagate in all the districts. No such 
cause has ever been pointed out ; but, on the contrary, it can 
easily he shown that the probability is very small that sucli a 
correspondence would occur, even if at the time of the division 
of the area every individual in each district was represented by a 
completely similar individual in each of the other districi s. Lot 
us suppose a ease : — 

1. Suppose tlie creatures under consideration to ho a spetn'es 
of mollush, the sexual insiincts of wliich act without any segrt^- 
gativc tendency between tlie varicti(\s of ihe same spcei(‘s, i.lH.':rt^ 
Ifcing no aversion or otluu' impediment that iiileriercs with the 
free c:ii.)ssing of all the variations occurring within the limits of 
one district. 

2. Suppose that the number of individuals in each diHiric*i is 

10 , 000 , 000 . 

3. Suppose that one in atliousandof tlieschad a tongue Btrong 
enough to feed on the bark of the tree, the leaves of which aim 
the ordinary food of the species, and tliat one in a thousand is 
capable of digesting the same, so that, in eaeli district alilvo, one 
in a million could survive in this way thongli, the crop of leaves 
should fail. 

4. Suppose that there are, through diversity of adaptations of 
this kind to the products of the environment, tea dilTcrent kinds 
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of accessible forms o£ food, on eacli kind of wbicli one in a million 
of the individuals of eacli district; might feed if driven hy 
necessity. 

5. 'Now suppose the same necessity should occur in each district 
through the destruction of the leaves on which they habitnally 
feed ; and that there are accordingly in each district a hundred 
survivors able to maiutaiu themselves on other kinds of food. 

Under such circumstances (the correspondences of which, we 
have in onr supposition made much more exact than the actual 
deviations from a mean ever present)— but eveu under such cir- 
cumstances of comxiletely parallel variation — what is the proba- 
bility that in eacli of the separate districts the few that would 
meet with other individuals and have an opportunity to propa- 
gate the species ivould he similarly endowed and similarly related 
to the environment f 

In order to still further simplify the prohieni, let us assume 
that in the case of each kind in each district the probability tbai 
it will succeed in propagating is exactly balanced by the proba- 
bility that it will fail. The probability, then, tliat any given 
number of the ten lands in a given district will succeed is found 
by estimating the number of combinations that can be secured 
by taking that number of things out of ten things in different 
ways. This is completely parallel to the number of ways in 
which ten pennies can be arranged as to head and tail, eacli penny 
representing one form of variation, and its lying head-iip indicating 
success in propagating. In 1024 experiments the probability is 
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These fi giircs arc found in the eleventh line of what is known 
as the Table of the .Binomial OucUcicnts,’' or the “Aritliinetkal 
Trial 1 gic And so in the case of any number of objects, ilic 
number of (lombinaiioiis that may be made with u objects Is 
found ill the ^^i+lth line of the Aritiimctical Triangle classified 
according a.s there are 0, 1, 2, 3, or more objects in each combi"- 
nation. The whole inunber of eombinaiioiis may also bo found 
by eaiculatiiig the i?iith power of 2. 

The possible combinations of the ten varieties in question are 
1024, which is equal to 2 laiised to the lOtli power; the proba- 
bility, tlioroforc, tliat the conibinatioii that succeeds in one 
district will also snccced in the other district is or 1 in 

1024 ; while the probability tliat those that succeed in the one 
district will not he all the same as in the other will he 
1023 in 1024, which, is more than a tlionsand times greater tlian 
the reverse probability. 

These 1024 different results, any one of which may occur in 
one section, are calculated on the supposition that all the repre- 
sentatives of the species in one section that succeed in propa- 
gating will in time coalesce by intercrossing ; but, as we sliall 
presently sec, the number of divergences in the two sections may 
be vastly increased by the diversity of ways in which the same 
varieties may he coinbined through the greater or less influence 
of minor segregations within the bounds of each district. 

AMiUjCuUmUOKAIi IKTENS.IOK. 

In my paper on ‘^Divergent Evolution tliough (Jiiiuiilaiive 
JSogregatio.n/’ p. 233, 1 have referred to the fact that; t;hc vantr 
majority of divergent tbiius produced by KSegrogaiioii, arter 
e:x,isiing' for a time, are interfused with competing fox'ins of the 
same species. Now it is evident that wlien a penuanoni yt\gre- 
gation arises, if in the separate sections there is a diversity of 
amalgamations between the slightly divergent forms produced by 
partial segregations, the results will he divergent in, tlicse sepa- 
rate sections. That there will be diversity in tliis respect, we 
may argue ; first, from the improbability tliat ail tlio varieties 
in one section will occur in each of the other sections ; second, 
from ^the imx}rohahility that if the same varieties occur in each 
section, they will occur in the same proportions; and, third, 
from the improbability that if they are the same and in the same 
^ See ‘ Briiiciplos of Science/ by W. Jevons. 
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proportions, they will break over tlieir barriers and interfere 
with each other in precisely the same way in each section. 
Auialgamational Intension relates only to the last point. The 
other two points have been discussed under the principle that 
^Se|)aration always involves more or less Segregation (see the third 
paragraph of this paper). 

Taking up again the supposed case considered under Elimina- 
tioual Intension, if the different kinds of new food were so 
situated as to make it more or less difficult for those feeding on 
one kind to cross with those feeding on other kinds, the repre- 
sentatives of the species in each of the completely separated 
districts would be divided into minor segregations of a partial 
kind; and the different degrees of intercrossing between the 
minor segregations in the separate districts would be an addi- 
tional cause of divergence, wbich we may appropriately class as a 
form of Ainalgamational Intension. Occasional interchange of 
stations by the varieties in one district would produce a degree 
of homogeneity in the forms of one district that would not bo 
found when comparing those of different districts ; but as the 
degrees of intercrossing between any two or more identical 
varieties that might happen to be preserved in both districts 
would, in ail probability, differ in the different districts, tbe cor- 
respondence that at first existed beoween certain portions of the 
two sections would gradually disappear. We shall find that in 
order to ascertain with facility the number of different sets of 
combinations in which any given number of varieties may be 
combined 'while all are propagating, and the probability that 
any given degree of correspondence will present itself in any two 
sots of combinations that may be taken at random, we need a 
table by which the number of permutations that may be made 
witii given numbers of things may be analyzed. I have con- 
structed such a table, wiiicb I call the Permutational Triangle 
with the aid of which the solutions of problems that would 
otherwise require much time are easily reached. 

Returning to the above calculation, we observe that in 1024 
experiments, under the circumstances there assumed, there would 
probably be but one occasion in which, out of the ten identical 
varieties which were assumed to occur in each district, the same 
varieties would succeed in propagating in each district. Ve 

>1=: I QiYQ ill Appendix this Pennutatioual Triangle, calculated to the 
tenth line, with an explanation of how it was formed. 



312 


BKT. ,T. T. aULtOK OK 


liavG BOW to iiOiiBidor tlie degree of probability ilaifc tlieso idea*- 
tical varietiois will make tlic waine combinaiioiis with each other 
In the dillerciit dhtrictf^. I whall not attempt to giv’c a complete 
arnswer; but by carry iiig the computation through wovoral Htepn, 
] shall sufficiently exhibit the extreme iinprob ability that, creii 
when ideni/ical varieties succeed in propagating in the different 
(listrieis, they wdll combine witli each other in the same way and 
in the same proportions. 

A.s in the case of the 10 varieties that have been under consi- 
deration, 5 is more likely to be the number of varieties that suc- 
ceed than any other number, 5 is most likely to be the number 
of successful va.rieties in eacli district when iilie varieties happen 
to be the same in each distrid ; and we will therefore begin with 
that mimber. If, now, wo suppose that there are 5 varieties in 
each district, and that thej-e is tlie same chanct;. in the case of 
each variety that it will breed with any one of the other varieties, 
as there is that it will be segregated and breed by itself, we shall 
find that in 120 experiments there will probably bo 1 occasion in 
wliich all the varieties of one of the districts will be segregated 
from each, other, and 10 occasions in which three of the varieties 
will be segregated, and 20 occasions in whicdi two will be segre- 
gated, and do occasions in which one will be segregated, and 41 
occasions in which none will be segregated Jliose probabilities 
are expressed by the tractions yi-jj, f'fo, and AjkI 

tlie probability that the same varieties will bo intercrossed and 
the same ones segregated in each district is riy ; while tlie pro- 
liability tliat some one particular set of segregations and inter- 
crossings that is designated in advaneo will occur in both disiricts 
is (vlvr)"- example, the probability that all the 5 varieties 

111 one district will be segrogatod is and tlie proliability that 
all in both disiricts will at tlio same time be segregated is ( vlu )"* 

But the two districts may correspond by tlie complete failure 
of all varieties to propagate, in wliich case they will continue to 
correBporul. Again, there may he but one variety in eacli district 
that succeeds in propagating, and that the same, in vdiich case 
there will be no chance for diversity of Amalgamation in the 
different districts, at least not before a diversity of subordinate 
segregations has first arisen. Again, if the same two varieties 

* OCheso figures arc found in the 5th line of the Pennutationed Triangle. See 
Appendix. 
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succeed in propagating in eacdi district, the probability of com- 
plete correspondence in integration will be as 1 to the factorial 

. r Q 1 1 

or 1x2 — 2’ 

if the same 3 varieties, the probability = ^ i 
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These fractious represent the probability of complete corre- 
spondence as to the varieties that intercross and those that remain 
segregated in the different districts when the same varieties occur 
in each district ; and the squares of these fractions represent the 
probability that any special combination tlmt may be indicated 
will occur in botli distincts at the same time. If there are, for 
example, the same ten varieties in each district, the probability 

that they will combine in the same way is 

bahility that this way -will be the breeding of each variety with 

( 1 \ 
d"b28'8 do) * 

there may be degrees of correspondence in the combinations of 
dirf<n‘ent districts. As we have just seen, the probability that 

there will be correspondence in ten points is that there 

will be in eight points is w"c;^\7rj]3 there will be in but one 
point is g^J5rgy()3 "while the probability that there will be no cor- 

T . 1,334,001 df- 

rc^pondeiiee is 

We have thus far considered only the divergences that come 


* The denoiHinator of these fractious is the factorial of ton, that is 1x2x3 
X 4 X 5 X G X 7 X S X 0 X 10, and the numerators are found in the tenth line of 
the Termiiiational Triangle. Sec Appendix. 

Lim. joura.— zooLoax, tol.'xxiii. 23 
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rri)iii a divcryit}- of binfuy coiiibiiiatioiiK ooexislnng wlih s('\ii;rogalcd 
vai'ictio^; ; !)ui it Ih ovidcut that tko luuubcr oi divca'goid/ arraiigi^- 
iiieiiis that iiiny l)e productMl l)j any giva-ai i,in,inhii.' of va,ricdJ{‘8 
oxceedisyy Iavo will be much, lartjer if to the above ai*nui,i>xmi(idiH 
are added all tbal Jiiay bt^ prodiK'od by a,rniiigiii^^ wiili 

triiiai-yj and binary uiili iriiiaiy ; and if more complex com- 
bioaiioJis a.ro introduced. Hie number may be still further iu- 
e.rea,se<b 

Of the five supiiositions with, whkdi we started/''', the si'comi 
fuid third assume a iiniforiiuty in the eontiugoucies relating to 
the iiumbi'r a,ud ehaj'acter of tlio individuals never naili/aal in the 
ddicreut sections of a species that is divided by {laiurat barriers ; 
anal the fifth asHiimos a iiuiforinity ill the changes affecting the 
environment which, though not often realized, is here assmned 
for tlie salkC of showing ttiat divergence of cbarad.or in not do- 
pe, uideiit on tlio organisMi being exposed to diiibrent oiivironmeutH. 
In connection witli tlie fourth supposition, it would have been 
in accordance with tlm nstial conditions of nature to have assumed 
that, besides the many kinds of food of which only a very s,m:dl. 
fraction of the speedes could avail tliem selves, there won hi be a 
feuv kinds on which much larger numbers could .feed ; a, ml fliat 
when the niiiubers that could partake of one kind of food \V(U.*o 
Builicient to ensure the propagation of those thus ada{)ted, that 
variety would survive in both distrietKS. .But such cerlaiuty 1*0- 
lating to the propagation of some of the varieties would not 
prevent the contingencies and the divergences ihivt wouhl arise 
in the propagation of the much rarer or less favoured varietdes. 
It Is also ovitleiit that Biniiiar cojiiingcncieH would arise wluMievm* 
the pressure of ))()pulatjon on the supply of food sh(,)iil({ .laanler it 
neccBsary for hv^a numbers to »seek new resoiUH^es. dhc di vtu'giuil; 
teiulency of such, |)ressui;e, from whateviu' laiuso tlu* pressure 
arises, is in no res[)eet an arbitrary suf)p<miuoJ! ; and. Ihvnirhitrary 
assumptionw wlucli I have iutroduced in order to Bi:m,|)lity tins 
problem remove from consideration some of the, contingeitcii?s 
tluit must produce still greater divorgouce, 

or Se^ref/ation and Divergence produced Independent Micuudal 
Transformatmi, that is by different relative degrees of fertility 

* Seo page 338 of this paper. 
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po8seysecI by the same forms of variation in separate sections of the 
species. — -Eelaiive Fecamlity is propagation according to degrees 
of fertility. As it involves not only the superior propagation of 
the more fertile, but the inferior propagation of the less fertile 
and the non-propagation of the least fertile, it may be de- 
scribed as the exclusive propagation of the more fertile, through 
the failure to piv>pagatc of the less fertile. It would avail 
no tiling iu determining the form that is to prevail in succeeding 
generations if it did not in some degree preclude the crossing of 
the less fertile with the more; but, as it is evident that, so long 
as increased fertility is not a disadvantage, the more fertile half 
of the species will leave a larger number of oifspring than the 
less iertile half, it follows that when the offspring have come to 
maturity a larger portion of the fertile will consort with the 
fertile than in the previous generation, and so tfie fertility of the 
following generation will he still further increased. The chief 
check to this law of Cumulative iFertiUtif is found in the antago- 
nistic law of Cumulative Adaptation through Aclaptational Selec- 
tion. The combLiied action of these two laws results in the 
triumphant develo[)ment of the most fertile of tlie best fitted, or 
the best fitted of the most fertile. 

Another result from the combined action of these two laws is 
that in species tliat are well adjusted to the environment the 
typical, that is the average, form of the species is not only the 
best adapted, but it is the most fertile; and this correlation 
between fertility and adaptation iu the average form of the species 
or i'acc is a' strongly conservative principle, tending to prevent 
the rapid transformation of the race or species. Griants, dwarfs, 
and extreme departures from the type of other kinds are more 
likely to be sterile than the typical form of the species; and 
therefore if, through change in the environment or in the social 
conditions, some extreme form has an advantage in gaining sub- 
sistence, it will usually fail of propagating its kind with the rela- 
tive rapidity of the less-favoured average form. This is at present 
true of highly intellectual variations of civilized man. Those of 
moderate capacities are more prolific, and accordingly persist, 
though less suecessiul in other x'espects than the iutellectiial 
But so long as the most successful individuals are those surpassing 
the average in inteilectnal endowment, so long will the avei*age 
endowment be more or less steadily advancing ; for, of iulelleciual 
families, those that are fairly fertile will leave more impress on 
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,i»-e'inTjii ionw tlin-n i-ho.so Uiat arc siorilo. ; ami offeriile 
fajiiiiies, ihuso ilia.t a.r(‘ nbovn iJi(Mivcra<j^(^ lii will liavo tlu? 

"best .sm*(*cis!s in <}(ss(*<‘ml,aniM to iiihcril iJmir oiulowiiHaitw. 

(loMinK'IO!) InFLUKN<’I'; of T!HCHK JbUNClPLKS. 

W(^ lia.ve not a.t aulliciont krunvlodgc'. oT the infliuauio 

ufc'acli of* tlu‘ of traiiisfoniiation to (Hialilc iia to cafi- 

liiato Uh'iv <‘on!|)ara.i!vo in![)ortauc<.‘. ; but wo know ouou^’li of 
Ihoir ('.oinbiurd a,oiio!i ioaniiolpato witli ooiifldonoe that wlu'revor 
Hi^jairali' or yi\i>’ro!4Jiio ( umoratioii a, rises, prodiKonu^ luoiv or 
loss div(‘r,i;vu(?(‘5 i;horo these principles will in time iiiteiiaiFy 
the residl. Idtc trail, sIbnnatiouH and diverg'cncos of nature arc 
|>rodu<‘(Mi In’ the intorplay of numerous factors most iutiniaiely 
eonddmal, a-ud. ihoiig’h for the purpose of coinprelicndlng the 
|>ro)aiws we are compelled lo study each princi[)lc by itself, wo 
must r(UH( 3 mb(u,‘ that in iiature they not only combine, but com- 
bine ill a- vast wtrlety of ways. There is, liowcver, rcaBo,ii to 
ludieve that species sometimes become so devoid of plasticity that 
all transl’oriuation is precluded, a,nd, if the enviro,im;ieiit is cliaiigeci, 
even i,n the must giaulual manner, cNtinetion is the result. 


'!,>rvi<;R0MNT Involution m tujc Jjanb-Mollusks o:f (,).Ainj. 

Oaiui is oiK^ ol‘ the kSandwicb Isbuids, or llawaiiau Islauds as 
tlu‘y are now usua,lly (allied. 11 is of volcanic origin, bui< the 
two mouniaiii-rangx^s, which lie one on, tlu^ nortli-o'aai and the 
uMmu* on tiu^ s<miliwv(a4sid(i of the island, sliow no signs of rctami 
voiiunic nc.iiun. Unlike tlu', 'mountains of 1 law aii ajid East .Maui, 
iluar sidi'H arc virry d(»e[)ly furrowed by tla? action of wattu*, aJid 
iheii,* roivsis are m,d^ br(.dveu l,>y ll<,»v\s (d* lava, 11it‘ forests of the 
island cover i!u,w, two ranges, forming two d.iseonmads'd strips^ 
ihcMjue idiout d(,i and the other about J8 ,mi,lt^s In length. ,J,u 
i!ies(? ftirests, are foiuul 0<,K) or 700 'V'a,rieii(,is, rep:rcs(mti,ng over 
200 species, helowging t„o 7 suhgcuiera, of flic suhramily Aahtii^ 
ndlhm. 

Two of these subgencra, Amadra a,nd Lepffwlmiina^ arc, ,for 
the most part, found under the dead leaves of treem in chuup 
places j and Lamimllu/i^ found chieily on low' slirubs, widie 
the remaimug four are always found on trees or shrubs. ,Kow 
it must he remembered that the cdimaic is tropical, and that the' 
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rainfall is so distributed through the year that in the sliady 
groves there is nothing to drive the arboreal species from their 
haunts on the leaves or branches of the trees. Still further, as 
this branch of theHeiicidse, unlike most other branches, produces 
its young, not from eggs, but in a living active form, there is no 
occasion in its life-history that requires it to leave the tree in 
which it lives from generation to generation. In the distribution 
and divergences of these varieties and species we learn the fol- 
lowing lessons : — 

1. Varieties are incident species^ and species are stronghj pro- 
nounced varieties. 

A full collection of the varieties and species of any polymorphic 
genus produces an oppressive sense of confiusiou on the mind of 
any one who examines it for thelii’st time. This is precminentl)' 
true of a full collection of the Achatinellince of the island of 
Oahu. Seven genera or suhgonera are represented by a multi- 
tude of varieties and species, which, within the limits of each 
genus, are, for the most part, completely iiitergraded with each 
other. As natural selection has not removed the intermediate 
forms, it is impossible to say where a species begins and where it 
ends. Having selected a given form as the type of a given 
arboreal species, we soon hnd that it inhabits perhaps only one or 
two valleys, say half a mile in width, and only one, two^ or three 
miles in length. Beyond these limits it is re|)resented by varieties 
that become more divergent as the distance limin the home ot 
the type increases ; and, in the case od Acliaiinellarxilii Bnlimella^ 
this divergence is so rapid that at the distance of 8 or 10 miles 
every one will admit that the forms all belong to different species. 
Indeed, in many cases, though the same vegetation is present, the 
habits of feeding have changed, while in other cases the form 
has changed while the habits remain essentially the same. 

Though it is easy to find degrees of divergence which most 
naturalists will agree in calling specific, but which in a full col- 
lection are shown to be completely intergraded, yet if a full col- 
lection of the different forms should be submitted in succession 
to a hundred different naturalists to classify, it would be found 
that no two would agree as to the number of species ; and a still 
greater diversity of opinion would be revealed as to where the 
limits of the different species should be placed. This is exactly 
what we might expect if varieties are incipient species, and species 
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a.! c more Kirougly dcvt'loped A'a,rieiie.s. Biudi being ilie caine, 

il iw folly to awk tha,i ihe nomciiclaiiiro Nhould be biwi'd on aoiiu' 
;ruiid;un(‘!iia,l diisiineLion between, ajx-eii^s and varielit'a. 

Hie l)osi iioiiumelaiiire h the one in whieb ilio hi[)(Mb(le diaia'nc- 
iioms eorr(as|H)!Hl in degree with iboHe ibai arc reeogni/aal an 
B|)e(a’{ie in other ianiilitas, ami in which a degree of divmrga'iico 
that iw considered speeilie :iii one part; of a genus is considered 
sjX'eibc in every pa-rl'. If Ibc disfcineiious on winch Jbx've, 
Pieifferj and .Ni'wcomb have fomuled 11, lo species in Makiki and 
Wanoa arc receiv<'d as s]Ka*ijie disl inetions, then siniilar disdne- 
lions oecurring in ilie- forms oi‘ (,)lher valleys miisi bo rceogni/aal 
as belonging to ilillerent spoeies. 1 by no fniaims contend that 
ibe.se dillercmcos should be regarded as s])eei{,ic; but having re- 
ceived the three or hmr to,rins of zlehulutdla found iti Manoa, as 
good sj,)eeies, it will m,)t do to say that the three ibnns of Ackci-- 
iiifdla found in, Waialt,^, dMering from eac*h other in the sauio 
way, a.re but one species. 

W ot withstanding the diversity of opinion that will always exist 
as 1,0 bow maiiy species sboiild be made of tlie forms occimdug in 
any one valley, every one will agree tluit the forms of Btdimdla^ 
and jLclmMiielln- found in any one valley are quite distinct s])ecies 
IVom ibose found in valleys that are ten or twenty miles dixsiant. 
Hio lessons wo are drawing from tbe divergences in tliis i'ainily 
are tbereforo not depe,ndent on any special views concerning llio 
number of species that oiigiit to be received. 

exani])]cs of intergrading species, exainino first tli(3 ty|H‘s of 
Aeliaimella f roducia^ Ajulmta, and A. Buildii ifoiu Msikik i ; iben 
atl forms of Ibesc and the other species of Aeludinvlhi- ,{(mn(i 
in 'Makiki; and. then tlie forms found in tlie successive valh'ys 
of tlie wliolt' mouniain-rangtn 

If ireedom from i,idcrgrading is ree(,nv(Ml an the iitvessary ami 
jHiiiricient test of good s|,)ccics, ilieu a. multitiule o,f Forms that a.rc 
IKUV only varieties ,nmy be turned into good species by hiiriiiiig 
the forests in a, b ornate valleys on tviilier side <d* this mouuliniii- 
range. Moreover, if this is i],ic i,rue test of species, the species- 
maker wlio throvvB iutergade forms into the tire is <}uile cunsisieut, 
even if not quite frank, 

'Wbetlier we call tlieso divex'genfc Ibnns species or nuid/ies, tlio 
process by which the divergence has been produced is a nmttor 
of equal interest. Indeed,, some evolutionists niaintai,n that one 
of the chief desiderata in the theory of evolution is an explanation 
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of til e origin of varieties Variations are deviations from tlie 
average, but varieties are groups of individuals in wliicli tlie 
averages differ, and in which the inheritable diaracters differ. 
Still further, it is usually admitted that the divergences presented 
by varieties are not always essential to the well-being of the forms 
tliat possess them, and that in many cases the forms that are 
confined to separate localities might exchange positions without 
sixdering disadvantage. Divergence in these initial stages has 
seemed to many to he an obscurer problem than the advancing 
usefulness which sometimes entirely remodels an organ. For, as 
Prof. Le Conte has said, “jSTatural selection does not make an 
organ useful, but only more useful,” 

I believe that the theory of divergent evolution, presented in 
this and the preceding paper, is applicable to the formation of 
divergences during the stage when some of the differences, if not 
all, bring neither advantage nor disadvantage to those that possess 
them. Whatever we call these divergent forms, can we give any 
explanation of the causes that have produced them ? 

2. Divergent Mvoliition does not necessarilij depend on either 
change in or change of the environment. 

In other words, it does not necessarily depend on change in 
the conditions surrounding the organism, or on the organism 
being brought into a district presenting a different set of 
conditions. 

Darwin maintains that isolation (that is geographical separa- 
tion), without any diffex’ences in the surrounding organisms oriji 
tiie physical conditions, presents no occasion fox" divergence of 
character, lie says, “ if a nuxnber of species, after having long 
competed with each other in their old home, were to migrate in 
a body into a new and afterwards isolated country, they would be 
little liable to iriodifioation ’’ , (‘ Oxagin of Species/ 6th ecL 
p. 319). 

Spencer expresses the same idea by saying that Vital actions 
remain constant so long as the exteimal actions to which they 
coiTespond remain constant ’’ t* ‘‘Thei^e must be maintained a 

* See ‘Evolution and its Belations to Eeligious Thought.,’ by Joseph Lo 
Ounte, published by Appleton & Co., page 252. 

i’ Though apparently opposed to his theoiy of ‘Hhe production of certain 
local forms by amisia,” this same idea is found in Weisinann’s ‘ Studies in the 
Theory of Bescont/ pp, lOD-115 (English edition). 
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tolerably uniform spooies ho long an tliere (mntilnueH a iolorably 
miilbrm set of (conditions in wlrich it may exist*” (Nee Npcmccer’K 
‘ .Fnii(*ipleK of lliology,’ §§0l, 150, 1(>9, 170.) .In other words, 
divergence of (diarackir in the (lesc(mda.nis of one stock occupying 
different disl ricts does not arise ex<*('pt as it is jnH'ccded by dif- 
fca'once in the physical conditions, or in the surrounding orgjuiisins, 
of the different disiricts. .A.fttu’ moniding this thouglit in. many 
forms, Spencer makes it tlm fniidamontal ])rin(dpl(^ on which h(^ 
hiiilds not a small |)ortion of his philosophy. Darwin is imn'e 
giuuahai i.ii his statements ; still, as we have alnaady shown, lie 
sometimes sc^eirKs to reason from an assumption quite in ac{*ord. 
witfi what Npcnccn* would luive us recedve as essemtial to the 
very idea of causation in vital processes. For exa,mpl(:‘., his exphi- 
iiation of the fact ihat on tlie dilfercnt islands of the Dahvpagos 
i\.rchi])elago one genus is, in many cas(‘s, laqu’csentcd by several 
closely allied species which are nnduuhtediy modifital forms of 
one eon i;i noil i;al species, seems to rest on tlic assumption that 
if every species tlud:' gained access to any island liad at the 
same lime gained access to the other islands of the archi- 
p(‘lago, there would then have been no occasion or opportunity 
for iho divergences we now find (see ^ Origin of Species,’ 0th ed. 
p. 355). 

It seems to me that the divergences presented by the ‘varii dies 
and species of the subfamily AeJiaUnellinm of the JSandwicIi Ishinds 
arc at variance with this assumption. J^^ot only arc islands in 
sight of each, other occupied by divergent species, but difleiamt 
parts of tbe same mountain-range, exposed to the same winds 
and raiiiB and clothed by the same vegetation, are the homes of 
divergent' forms. 

Turning to the map of the island of Oaliu, we liiul a mouuia,hi- 
range extending 30 miles from north-wmst to sontli-east m'u-rly 
parallel with the north-east coast;. The north-east side of this 
range is exposed to the trade-winds fresh from the ocean, a.nd 
accordiugly rciceivcs a lieavior rainfall than ilui other si(h^ ; but 
there is not much dillereiice in tlie amount of rain receiviKl by 
the dilferent valleys on one side of tdio moiintain. In .lujarly ail 
these valleys on either side of the range are found shady groves 
of what; the natives call the ‘‘ kukui ” (AletiritaH triloba). Many 
species of the aubgcnera AakaLimlla and Bullmcila liave their 
haunts in these groves, some species clinging to the leaves and 
young branches, and others to the old branches and trunks. Most 
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of the species thrive only where the shade is dense and the atmo- 
sphere laden with dampness a large portion of each month. 

The student who starts with the assumption that divergent 
varieties and species arise only through exposure to different 
eiivironments, will expect that these groves, at least those on the 
same side of the mountain-range, will he occupied by the same 
species. Having found one set of species in a given valley, when 
he comes to a valley ten miles distant possessing the same con- 
ditions of soil, rainfall, vegetation, and shade, where the birds, 
reptiles, and insects are the same, where the mice and ants, their 
only known enemies, are the same, he naturally looks on the 
leaves and branches of the familiar trees for the snails he has 
/oiind ill similar stations not far distant ; hut what is his surprise 
to find only different species, all allied to, but quite distinct from, 
tliose he has previously known ! Twenty miles from the first 
valley he renews his investigations, finding the forms of all the 
different groups still more divergent, tliongh all the conditions 
of the environment are, so far as he can observe, the same. 

He finally perceives that he must either assume that there arc 
occult influences in the environment varying with progressive 
force with each successive mile, or he must give up the theory 
that the cause of this divergence is exposure to difibrent envi- 
ronments. 

3. When the environment the same in two districts occupied 
It/ allied species or varieties^ it is eviden t that the differences 
that disthujuish the latter cannot ke advantayeons^ even 
fhouffi their differences incliule strom/ly contrasted habits. 

For in order that these diflbrerices should be advantageous, 
it is necessary not only that they should relate to the performance 
of vital f unctions, and therefore be differences of adaptation, hut 
it is necessary that these differences of adaptation should relate 
to diffbrenees in tlie environment, so that the forms would be at 
some disadvantage if they should exchange districts. Adapta- 
tioaai specilic differences are not always advantngeoiis,- and in 
such cases the divergence cannot be primarily attributed to 
diversity in the action of natural selection in the different 
districts. Under the protection of Isolation, diversity of natural 
selection may arise which helps in producing divergence ; hut 
•wiieii the environments are tlie same, the divergence is in no 
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senwe advautageoiis, aiicl, in some eases, may evcMi "be disadvan- 
tagooiis. 

A familiar example will perha-ps put the distinction Ixd ween 
the causes of existence and t runs fori nation and i.lu^ causes of 
divergent existence and trajisformafioii in a- ch'iiror light. The 
forms of Janguage are growllis that arc goveiMiod by the laws of 
utility as fully as the Ibrius of varieties and species. Hack lan- 
guage and each part of a language exists and persists only as it 
is Ibund to bo of use. Tlie ‘^Survival of the .fittest” is a law 
that is pcrliaps as conspicuous in the domain of language as it is 
ill the organic -world. Again, every language, like every orga/nie 
apecii^s, is in many res])ectB determined by tlio environment. 
A Janguage, for examphg dcvclo|,)ed in Java will present names lor 
many plants and animals that will not be represented in a hin- 
giiagc developcal in Greenland. But, granting all this, does it 
fi)i!ow' iluit linguistic differences are necessarily advantageous ? 
The Polynesian system of- counting by tours, and the Eskimo 
systoiu that proceeds by scores, are undoubtedly xisoful systems ; 
but is there anything advantageous in the difference? I think 
not, for eacli system is as well adapted to the environment of 
the other as to its own environment. We may look upon the 
more important parts of a language as persisting through their 
nst‘fulncss, the survival of the fittest being the Jaw; but the 
divorgciit evolution which brings several languages out of one 
seems to be principally due to other principles which are idosely 
akin to the principles that produce divergences in the organic 
world. The fundamental condition in both organic a;nd linguistic 
div(3rgenco is Segregation ; and, this being seein*ed, diversity of 
ha'bitw, bringing diversity of aptitudes and diversity in the forms 
of survival, is sure to arise oven when the environ tueiii is tiie 
same. 


4. Specific deferences are not always differences of adaptalion 
to the environment ; and those that are not should not he 
attributed to ike action of natural selection. 

It is admitted by every one that a distinction rc'lating to a 
character that is of no use in the economy of the organism (*au" 
not have arisen 'under the influence of natural soiection. Those 
who maintain that all specific distinctions are duo to natural 
selection xnaiiitain at tlie same time that these distinctions are 
both adaptational and advantageous. There are haturalists who 



INTENSIVE SEGEEGATIOK. 


853 


maintain that the very essence of the Darwinian theory is 
specific difi:ererices mast be advantageous/’ and therefore adapta- 
tional ; while they do not claim the same for generic, family, and 
ordinate distinctions, or indeed for varietal distinctions, if I rightly 
understand I have never seen any attempt to explain this 
supposed exception in the midst of the taxonomic series ; and it 
seems to me that the break in the continuity of nature which 
this interpretation of tlie Darwinian theory supposes, should 
lead ns to a very careful investigation of the facts before we accept 
it as a true interpretation of nature. 

I shall content myself with pointing' out one distinction, oe- 
casionally occurring between allied species, for which no use has 
ever been, or is lilvely to be, found. I refer to tbe distinction 
bet\\ een wbat are known as dextral and sinistral forms. This 
distinction relates to the tortion of the animal and its shell upon 
itself. It is most easily recognized by placing the shell on its back 
with the aperture u])ward, and observing whether the aperture 
lies on the right side of the central columella of the shell or on 
the left. In the first case it is described as dextral, in the second 
as sinistral. In most families and genera of water-inollusks the 
sinistral form occurs only as a sport (amongst Mammals the 
heart is sometimes found on the right side), and even amongst 
air-breathi ug moliusks the dextral form vastly predominates. 
Amongst tbe Achat inellincd^ Amastra and Lept achat Ina^ which are 
genera of terrestrial habits, are (with perhaps the exception of 
one or two species) dextral in form; while the other genera, 
which are j)lant-feeders and constantly hanging to branches or 
leaves, present many species that ai'e constantly sinistral, and 
many others that arc both dextral and sinistral. Why should 
Jelintinella aikwta in Panoa and Makiki be constantly sinistral, 
when its nearest allies found in the same valleys are both dextral 
and sinisiriil? Why should AchatineUa lacca and A. ahhreviata 
inPalulo and Waialae ho constantly dextral when the other species 
of Ac'haiiuella in the same valleys are for the most ])art sinistral ? 
Is there any adaptation to the environment possessed by a dextral 
form Avliicli would be lost if the form was reversed ? if not, 
iiaturai selection could not have anything to do with that part of 
its character. Btilwtella ro^ca is sinistral, while B. hiUmoicIes is 
dextrah If in this respect they should exchange forms, wmnld 


(See letter from Mr. W. T. Thisolton Dyer in ‘ Nature/ vol. xxxix. p. 8. 
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any (liHiiclvaritag-e bo exporieiioed by eillicr Hpeeien ? J'l; is iin- 
|)()HHib]c to conceive of any (iisadvanta.^e that would follow, and 
therefore i cjuuiot believe tiait this dillcrcuicc in. tli(‘, two Mpccries 
IB primarily du('. to natural, wexual, or any oi her form of welceiion. 

There arc lunuy other Bj)ecilic distinciii)ns piuseuted in thiB 
family whi(di seem to 1)0 of .no adva,nta,i*’c, i.hou^'h ilu\y ai'c not ho 
far removed from all BUgg'eHtion of the poHnibilily of imo as the 
charaeter we .have just been coMHidtaMjijjf. din? briiruiiii coloiirn 
and varied patterns presented by many of tlie arboreal speeies 
would be of advantage to themselves, if tht*.y serveui a.s wtirning 
of nauseous qnaliticH to cren.tur(\s that are liable to prey upon 
them ; but no such crealures exist. 31ie l)irds of iJie fon^st- 
region arc e,x(‘lnsively fruit- and ueetaivfeediiig, and the luit'C 
which in recent years have made sad havoc with the mountain 
snails, unh>rtunately do not spare the higlily-coloured spcidi's. 

dhicre can, be no doubt that when represoniailves of diilerent 
gr(.)U|)s or.subgeiiera occupy the same trees they remain segre- 
gated through the influence of sexual instincts, whicii must be 
associated with some means of recognizing those of their own 
group ; but it is not at ail probable tluit the colours and patterns 
of any species are recognized by their mates, or have been deve- 
loped under the influence of sexual selection. There is, there- 
fore, strong reason to doubt wlicthcr sclcclion of any kind lias 
been concerned in the production of tlic beautiful colours and 
patterns of these species, unless possibly corrcspoudoncesiu colour 
within the limits of a genus are, in some cases, due to tl\e in- 
licaiianee of tendencies prodiu.anl by st‘le(d<ion when couditionK 
were very ditrei’cnt from what we now iimh ihii the div(U’gen(* 4 ‘H 
ill coJonr and pathum in the sfiecies of om^ geiruH caiiuoi- liius 
explaiiiod. 

5. The aemrffe radim of dislrUmlion for Hjwtim of {'ho mtoio 
mhw in different ^roiops of idmeljf-idlled i^poodeo imrioo in 
the different direetlt/ ah' the poirer and- opportiinitp 

for mi prating^ and inveroeh/ an the pladicUy and tHvritthiiilp 
of the several groups. 

Comparing the distribution of ilio lleliees of Kuroim wiiii 
that of the Aehatinellkm of Oalui, the most striking contra, st is 
found in the size of thC' areas occu])ied, Jlelio^ poniaiia is dis- 
tributed from England to Turkey, over an area two thousand miles 
in lengthy while of the seven genera of AeimtinelUfm on Uahu 
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I know of but one species that seems to be distributed over tbe 
whole 36 miles of tbe main mountain-range, and tliis one is 
represented by three varieties belonging to different parts of the 
range and perbaps worthy to be regai’ded as different specie's. 
The species to which I refer is Auric ulella auricula (Fer.), the 
typical forms of which are found on the eastern half of tlie 
mountain-range. .On the other half of the range we find the 
closely allied forms to which I have given the manuscript names 
solida mA pelliiGida, This great .contrast in the size of the areas 
occupied must be due either to the greater plasticity of the 
Sandwich-Island species, or to their having inferior opportunities 
for migrating, or to both causes. As I become better acquainted 
with the great difference in the habits and circumstances of (lie 
contrasted species, I give increasing weight to the difference in 
the opportunities for migrating. "With the continental species, 
floods must be one great means of distribution ; but in the ease of 
the insular species, the floods would carry floating individuals upon 
the grass-land or into tbe sea, in either case to perish. Again, 
the habit of travelling upon the ground, wdiich belongs to most 
of the Helices of Europe and America, gives incalculable oppor- 
tunities for migration which are not enjoyed by species that are 
strictly arboreal, as are many of the Sandwich-Island species. 
Most of the Sandwich-Island species are still further restricted 
in their opportunities by their inability to resist a dry atmosphere 
or exposure to the sun, wFich renders it necessary that they 
should remain in the isolated areas that are fa\'oiired with shade 
in the different valleys. 

The habits of the diflerent subgenera occupying Oahu are also 
instructive as throwing light upon the relative areas occupied by 
the species of the diflerent genera. Acliaiinella and Bidimella 
seem to be the most restricted in their opportunities for migrating : 
first, because they are entirely arboreal in their habits, clinging 
to the trunks and branches of trees through their wliole life- 
history ; and, second, because, for the most part, they occupy 
the shady and damp thickets and groves, the shade in each valley 
being separated from similar shades in adjoining valleys by lofty 
and sparsely wooded mountain-ridges at each side of the valley 
and by open grass-land at tbe mouth of the valley. On the other 
hand, Apex, which for the most part occupies trees and shrubs on 
the ridges which are connected with each other through the 
central ridge of the mountain-range, and Ainastra and Lepta-^ 
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chatmc!^ wliicii are for the most part found on the ground under 
dead and decaying leaveB, seem to possess- better opportiuuties 
for migration than either Achat 171 ella or Biilhnella, Oorrespondin g 
with these facts we find the species of Acliafinella and Btdmella 
especially limited in the areas they occupyj while the species of 
A A^nastra^ and Lejytacliatina are less so. I" or example, the area 
occupied by Amastra turpitella, A. tidstls^ and A. ventuliis includes 
the areas occupied by many species of Acliatinella and Bidinidla ; 
and AjyCuV loraiiis and occupying the mountain-ridges, 

range from Makiki to Halawa, exceeding the range attained by 
liny arboreal species occupying the valleys of the same region. 

6. When a group of diverge^it forms that are fertile toiflt each 

other are heing developed through the infiiience of local or 
geographical segregation^ other conditions remaining con- 
^tant^ the mmiber of for7M that loill he produced ivithin a 
given area will vary mvei'sely as the square of the average 
radim of distribution for the differ e^it forms. 

As ibis average radius . of distribution may be taken as tlie 
measure of the power and opportunities for migration, w’e may 
say that other powers and opportunities remaining constant, the 
minder of species developed within a given area will vary inversely 
as the sgti-are of the power and opporliiniiy for migration. 

Though migration is in one sense a cause of isolation, it is 
evident that the niimher of isolated groups of individuals does 
not increase with the increase of migration. Isolation is pro- 
duced by the great contrast between ordinary and extraordinary 
combinations of opportunities for migration ; and this contrast, 
is as great in the ease of species that have limited powers and 
opX)ortunitieB, as in the case of those that have very great powers 
and opportunities. The number of isolations thus produced that 
can exist within the limits of a given area must vary inversely 
as the square of the power and opportuuity'for migration. 

The facts of distribution w’-e have been considering seem to 
correspond to this law. 

7. Forms that are most marly related, and are therefore the 

least subject to sexual and impreg national segregation, aix 
distributed in such amamier that their divergence Is directly 
proportional to their distance from each other, which is 
also the ?neasure of the time and degree of their geographical 
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segregation ; while those that are most nuinifestlg held apart 
hg sexual instincts and impregnational inconpatahllities do 
not follow this law. 

Bidimella is represented by two groups of species, one o£ oYate 
form, the other elongated and with the outlines of the spire less 
rounded. The ^videst divergence between these groups is pre- 
sented by sp)ecies occupying the same districts and valleys, but 
the widest divergences iii the species of either of these groups 
are found in valleys widely separated. In the latter case, the 
degree of geographical separation is probably an approximate 
measure of the time and degree of segregation, and therefore the 
measure of the degree of divergence; while, in the former case, 
the segregation is probably as complete between forms occupying 
the same valley as between those of widely separated valleys. 
There is reason to believe that in the eastern part of the island 
these two groups are not held apart by sexual segregation or 
segregate fecundity and vdgour, for there is complete iutergradiiig, 
and the divergence between the groups in any one valley is much 
less than is found in the north-west portion of the island, where 
sexual incompatibility seems to hold them apart. 

Achatinella hacca vendiA.aibhreviata completely intergrade with 
each other, hut they are associated with a number of other species 
of Achatinella with which they do not intergrade, prevented it 
seems to me by mutual antipathy and sterility. We have, there- 
fore, in the eastern valleys two groups of Achatmelki completely 
segregatt d from each other, thougli occupying the same districts 
and in some measure the same stations ; while in the other valleys 
the two groups coalesce, the diiferent species occupying any one 
valley being only partially segregated by divergent habits of feeding 

The different subgenera, which are undoubtedly segregated by 
divergent sexual instincts, as well as by physiological incompati- 
bilities, are equally divergent, wlietber w^e compare forms from 
the same, or from distant valleys. 

8. The distfihdion of the varieties, species, and genera of 
Achatinella on this island is just such as woidd he produced 
hg divergent evolution, which degjends on segregation as a 
necessarg condition even when the environments are different, 
and tvhieh always follows long -continued segregation even 
when the environment smrounding the dfferent sections is 
the same. 
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Increasing difference in the forms of natural selection does 
not necessarily depend on exposure to different eriviroiinients, 
but does depend on some form of Independent Generation. It 
may be safely said of the multitude of varieties which inhabit t’ue 
island of Oabu,that every one is more or less segregated from all 
other varieties. And I believe this will he found true concerning 
varieties in every part of the world. This fundamental fact 
would probably never have been denied, except for the delusive 
idea that the advantage of divergence would lead to the accuiiui- 
latiou of divergence even if segregation were entirely wanting. 
"What could be a greater mistake for the breeder of animals than 
to imagine that by selecting extreme variations and breeding 
them together he would in time secure well-marked races ? It 
must be equally at variance with fact to suppose that any advan- 
tage secured by divergent variations can he preserved and ac- 
cumulated while the different forms are freely intergeiierating. 

In the family we are considering, tlm chief forms of segregation 
are probably what I have called local, geographical, iiidusirial, 
and sexual segregation, strengthened in many eases by segregate 
fecundity and vigour. As illustrating local segregation I would 
mention varieties and species oiApex, for the most part occupying 
the mountain -ridges which are all connected with each other, 
without the intervention of geographical barriers. Q-eograplucal 
segregation is illustrated in the forms of Achatlnella and Bull- 
mella, wdiich for the most part occupy the deep valleys, the ridges 
forming barriers that are very rarely surmounted. Industrial 
segregation is illustrated by the closely- allied varieties of one 
group of species that occupy one valley, but are prevented from 
freely crossing by different habits of feeding. It is probable 
that sexual or seasonal segregation prevents tlie pairing oiAclutM^ 
nella with Bulmella w'hen hotli occupy the same trees.- More- 
over, cross sterility would undoubteclly prevent the multiplication 
of the hybrids, if cross-unions ever do occur between forms so 
widely divergent. There can be no doubt that the same principles 
prevent the strongly marked groups of either genus from inter- 
generating; as for example, in the case of Aaliatinella hacca and 
A, ahhremata^ which are intergraded wdth each other, hut not with 
the surrounding species of AchaUnella. 

xlgain, divergent forms of natural selection do not neeew^sarily 
depend on exposure to different environments. Industrial Se- 
gregation is produced by different methods of using the environ- 
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meiits ; and tlie same cause will often produce diversity in tlie forms 
of natural selection afEeetiug the segregated sections. Cumulative 
divergence in the methods of using the environment in the 
different braiicdies of the species depends upon their segregation^ 
and, therefore, increasing divergence in the forms of uatnral 
selection alfecting the different branches depends on tlieir 
segregation. Eut Industrial Segregation is not the only form of 
Independent Generation that opens the way for increasing 
diversity of natural selection. G-eographical Segregatiosi under 
the same environment, though it does not of itself produce 
divergent forms of selection, opens the way for change in the 
habits of feeding with diversity of natural selection . in the 
different sections of the species. Take, for example, the species 
of Achatmella ; in Manoa and Mikiki they chiefly occupy the 
Kukui {Aleurites trilohci) and other trees, while in Kawaiioa and 
that region they neglect the larger trees and take to the Lobelia 
and other shrubs aud herbaceous plants. 

But why should the degree of divergence increase with the 
continuance of the Segregation? The answer seems to be that 
the combined effects of tlie different principles of transformation 
in the segregated groups increase with the time of segregation ; 
and, as independent transformation is never parallel, the diver- 
gence increases in the same ratio. Diversity of natural 
selection is undoubtedly one of the principles producing this 
divergem*e, even when the vegetation and physical conditions of 
the different districts are the same, for when the habits of 
feeding change, the natural selection must usually change. But 
there arc eases of divergence accompanying Segregation in which 
the habits of feeding seem to have remained unchanged; and in 
such eases I explain the divergence in part by she principle that 
separation always involves more or less segregation, and in part 
by the influence of the four principles which I have called 
Assimilation al, Eliminatioiial, Amalgamational, and Fecuridai 
Transformation. Of these, Eliminatioiial and Aiiuilgamational 
Transformation are perhaps the most constantly operative. The 
principle of unbalanced Elimination is closely allied to the 
principle that separallon involves Segregation ; for both repre- 
sent phases of tlie fact that any small fragment of a species is 
incapable of ])ropagating all the qualities ,of the species in the 
exact proportion pimsented by the average of the species. 
niKN-. JOLVEK.— zoonoav, von. xxiii. 24 
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Similar Facts in other Fields, 

Many of the facts emhodied in these eight propositions must 
have "been observed wherever naturalists have studied the 
geographical distribution of the varieties and species of ])olj“ 
iiiorphie genera; but in the distribution of the AcImtineUinm 
there arc features of peculiar interest arising from the fact tliat 
the powers of migration possessed by the species of the sur- 
rounding environment are very much greater than those possessed 
by the Achatinellw, Through this circumstance a comparatively 
uniform eimronmcnt is produced in which the oftects of Inde- 
pendent Generation unmodified hy the effects of changed 
eiirii’onment may be observed. The remarkable facts of dis- 
tribution wliicli we have on the island of Oahu are found in 
other parts of the Sandwich Islands, wherever this family occurs. 
I am also fully convinced that, in other parts of the world, 
wherever one genus or family of very low powers of migration 
is suiToimded by a body of plant and animal dorms possessing 
much higher powers of migration, these similar facts will present 
themselves wlienever investigation is made. 

The distribution of ‘ land-niollusks belonging to the genus 
Part'ida found on the Society Islands presents similar features. 
The island of Eeiatea, which is but 14 miles in length and 3 or 
4 miles in breadth, is the home of about 30 species and varieties, 
most of which are confined to areas only a few square miles in 
extent. I am not informed as to the distribution of the vegetation 
on which these species feed, but there is sao reason to suppose 
they occupy limited districts corresponding to those occupied 
hy the difierent species of Fariula. 


DivEBOEXCE IB Ibsects. 

The dependence of divergence on some form of Segregation is 
most clearly exemplified in insects, and though my studies are 
kit limited in that field, I shall refer to a few cases, wliieli may 
serve to direct attention to a class of facts of the highest interest 
not only to Entomology but to general Biology. 

EiYEBGEBCE IB IHE SbECIES OF THE EePIDOPTEBOIFS GeBEBA 
M'pinis {FampUla) abh TJtanaos {Nmniades). 

These two genera- of small IN'orth-American biitterfiies are 
worthy of the special attention of those who are studying the 
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problems of cliyergent evolution; for tliej fiirnisli strong inclica- 
tions tliat organisms wliieb are witb difficultj distinguished from 
each other by external form or colour, may, nevertheless, he well 
establislied species — segregated presumably by sexual instincts 
corresponding to sexual characters by which those of opposite 
sexes of the same species readily recognize each other, and 
probably cut off from the possibility of producing hy brids through 
incompatibility of physiological endowments. In the origin of 
some of these species Greographical Segregation may have' iiad an 
important inlliience ; but concerning others there can hardly bo 
a doubt that the segregative influences, bolding apart species 
that occupy the same districts, were, from the first, peculiarities 
of their sexual instincts and constitution. The reason for ac- 
cepting this view of their origin is found in the fact that, though 
slightly divergent in other points, the characters by wdiich they . 
are clearly distinguished are found in tlie forms of the male 
genitalia ; and in the characters of these organs we find clearly 
marked species, for the most part free from the intergrading 
forms which would certainly be presented if the clilTerent species 
were not prevented from crossing by sexual instincts or consti- 
tution. 

A full descTiplion of these genera, with observations on the 
asymmetrical development of the right and left sides of the 
genital armature in Thanaos, will he found iu Scudder’s ‘Butter- 
flies of New England ; ’ sec also Mem. of the Boston Soc. Nat. 
Hist. ii. (1874), and Proceedings of the same Society for April 27, 
1870, vol. xiii. p. 282 (1871). 

Biveegent Species oe BadlarcMa, 

Basilarclda (Seudder) is an attractive geim,s of butterflies 
peculiar to Noiffh America, where it is represented by four or 
five species. Three of these are found in New England, and are 
miinitely described iii Seudder’s ‘ Butterflies of New England/ 
from which I draw my information (pp. 250-305). 

The distribution of these three species is of great interest, 
as it illustrates divergence both with and without Local Segrega- 
tion. B, Arcldjipus ranges over nearly the whole of the United 
States and over the southern portion of Canada. B. Astymiciw 
occupies the valley of ‘the Mississippi and eastward to the 
Atlantic from the Gulf of Mexico on the south to the lakes 
on the north. B> Artltemis is disUubuted from Newfoundland 
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and Nova Scotia on the cast, over New England, Canada, 
the region of the lakes, away to tlio north-west, toward the 
coiiiiues of Alaska. It will be observed tliat the area of distri- 
bution of B. Archifjms includes the wliole of that of B. Asti/anaic 
and a large portion of that of B, Artlienm\ while the areas of 
B. A^tijanax and B. ArtkemiB overlap along the whole northern 
border of the territory occupied by B. AAijanax, This area of 
overlapping distribution in which the tliree s})eeies arc associated 
is about a thousand miles in length, and from one hundred to 
one luindred and fifty miles in width. 

Forms of Segregation that sepetrate B. Arclnppiisy;’0';?i 
B. Astyanax and B. Arthemis. 

It is evident that, in the present condition of distribution, 
geographical barriers and territorial separation have nothing to 
do with the integrity of B. ArcMppns as a separate species. In 
other words, it is not under the influence of Geographical or 
Local Segregation. Whatever may have been its past history, 
these certainly are not the causes that at present prevent it 
from interfusing with other species of Badlarchia with which it 
is associated. 

Again, Seasonal Segregation seems to have but little influence; 
for, though J5, Arcliippiis seems to appear 15 or 20 days earlier 
than the other species, the remainder of the breediug-seasoii, 
which extends over many weeks, is coincident. 

The habits and feeding instincts of this species must tend to 
separate it somewhat from B. Artlmnis^ for this latter species 
froepents forest-regions, especially when elevated and hilly, 
while B. Arclvippus is found in the open country in tields and 
meadows, especially in low levels. The eggs of B, Arihemu are 
chiefly deposited on the species of birch and willow that are 
found on the highlands; while the eggs of B, Aroldppm arc 
chiefly deposited on the willows and poplars found on the low- 
lands, though on the White Slountaiiis i't occasionally extends its 
range to as high levels as B. Arthemis, There is therefore 
between these species a slight degree of Industrial Segregation, ; 
but this partial segregation does not prevent their being often 
found in the same fields, and unless held apart by sexual instincts 
and by partial infertility, hybrids, which are now very rare, would 
be very common.. 

We are therefore lead to believe that diversity of sexual 
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instincts, accompanied by a 'considerable degree of cross-sterility, 
is tbe chief cause preserving tlie independent character of this 
species. Except for tbe sexual Segregation and Segregate 
Fecundity there is every reason to believe that this species 
could never have arisen, or, if it bad arisen as a variety in some 
isolated locality, would have been submerged in tbe allied forms 
when its wider distribution was reached. Tliis conclusion, 
wliich has been reached by observing the general relations of tbe 
species, is confirmed by a minute examination of tbe structure 
^ of the three species. We find that while the male genitalia of 
i?. Astyanaj} and B. Artliemis differ but slightly, those of 
B. ArcJiijypm are considerably divergent. This is an index of 
the psychological and physiological relations of varieties and 
species of no small importance ; for a comparison of many species 
shows that differences of this kind are usually accompanied by 
corresponding degrees of segregation in sexual instincts and of 
crosS“Sterility. In other words, we find that difference in the 
male genitalia, -wbicli is a form of segregate structure, is an index 
of Sexual Segregation and Segregate Ifecundity. 

The partial Segregation ofB. Astyanax and B. Arthemis. 

In tbe relations of these two species we find examples of 
segregative influences differing somewhat from those that have 
just been found in the case of B, Archippiis. Eegional Segre- 
gation, with exposure to different -climates and adaptations to 
different food- plants, has undoubtedly had an important in- 
fluence ill the formation of these species j but, in the part of the 
country where they co-exist, their life-histories correspond com- 
pletely, and cross-unions seem to be frequent. The hybrid form 
has been described as a separate species, and some entomologists 
have classed it as a dimorphic form of B. Artliemis, but Sciulder 
gives several reasons for believing that it is the result of cross- 
unions between these two species. There are, hovrever, several 
reasons for believing that partial Segregate Fecundity exists 
between the two species ; for, in the strip of territory where the 
two are associated they do not completely coalesce, as would be 
the case if they were completely cross -fertile. In Sciidder’s 
‘ Butterflies of New England,’ pp. 159-160, ^ve find mention of 
two species (Oeregonis Alope and C. Nephele), in which the cross- 
sterility must be considerably weaker than betw-eeii the two 
species we are now considering ; for, in the intermediate region 
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ill wliici) tlieir areas overlap, the iiitergrade forms are conpiara*- 
tivclj abundant. Moreover, the difereiice in tlie male genitalia 
of B. Asfijamx and B. Artliemis, thougli iniieli Icvss tliaii that 
wliicli appears when either of these is compared with B. Ar- 
cJiifpits, is such as indicates a considerable degree of infortilitj. 

In these two species we have then a good example of partial 
Segregation through distribution over areas, wdiich, thougli over- 
lapping, are for the most part distinct, reinforced by partial 
Segregate Fecundity wdiicb may or may not be accompanied by 
slightly divergent sexual instincts. There is also some Segrega- ^ 
tion resulting from the fact that the plants on which B. Artlieinis 
seeks to deposit its eggs are cluefl.y the birches and willows 
of the hilly country, while B, Astijanax prefers fruit-trees of the 
EosaceJB family, and other plants that are found in the more 
open country. Those are, as I have shown in my paper on 
Divergent Evolution through Cumulative Segregation,” exactly 
the conditions tliafproduce, in successive generations, increasing 
degrees of Segregate Fecundity. 

CmiuUtwe Segregation in the Formation of the ahoiw Species, 

I judge that in the relations to each other of tliese three species 
we have the results of divergent evolution througli cumulative 
segregation very clearly illustrated. In the earlier stages of 
divergence in this genus, Basila^^chia Archlppus with its fondness 
for the open fields must have become partially separated from the 
parent form from which both B, Astganax and B, Artliemis have 
since sprung. The separation may have beeii.iu some measure due 
to what I have called Protectional Segregation ; for wo find that 
the form that lias kept to the open country has through prt)toetiv0 
selection gained a very close resemblance to the colouring of 
Anosia plexippus, which is protected by its disagreeable cpuilities. 
The other form has probably gained compensative adva,utagcs by 
keeping closer to the woodlands. But the partial Segregation thus 
produced -would never have resulted in constant specific difi'ere-nces 
if Segregate Fecundity had not arisen between the two forms. 
We may believe that some form of Impregnational Segregation 
(either Segregate Structure, Segregate Fecundity, or Segregate 
Vigour) was early introduced, and that under the protection of 
this barrier the specific distinctions of the two forms became fully 
established, though oven now the barrier is not so complete as to 
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entirely preclude liybrids between B. ArcJdpjnis and cacb of tlie 
other species. Examples of both these hybrids are described by 
Scudder. 

While this Segregation was being completed, one of the two 
forms thus created must have become subject to a new set of 
segregative influences, arising from wider distribution with di- 
versity of climate and of habits of feeding, reinforced by a slight 
degree ot Segregate Eecundity. B, Astpanax and B, Artliejiiis 
are the two species resulting from this last Segregation, and the 
process is so far from being complete, tliat whei*ever the areas 
'of these two species overlap a hybrid form, which has been 
known as B, Broserpina^ appears. That it is a hybrid is proved 
by the fact that it ‘‘ values most toward Astyajiax where this 
prevails, and most towards where that prevails/’ that it 

is found only in the narrow belt wEere the two species are brought 
into contact, and that it has been reported from so many points 
in this narrow belt that there is reason to believe that it occurs 
wherever the two species are brought into contact. If our ex- 
position of the Segregations to which these species have been 
subjected is correct, they are cumulative in two respects — first 
because after one Segregation has been established anotbor is 
superimposed, and second because a partial segregation establislied 
in one generation tends to become more complete in subsequent 
generations. 

The primary causes in the wliole process are the activities of 
the organisms acting upon each other and upon, the environments 
in such a way as to produce, in the first place, Independent 
Generation with some degi^ee of divergence, and then Unbalanced 
Natural Selection and other forms and transformation, which, 
acting upon selections of the species that are prevented from 
crossing, result in ever increasing divergence. 

Divebgent Evolution m tub Pebiodicau Cicada 
(Cicada. sepiemdecim) 

In this species wm have examples of t'wo quite distinct diver- 
gences, each depending on its own forms of Segregation, which 
are easily recognized. 

The life-history of this insect covers 17 years and one or two 

* My information is chiefly derived from the US. Department of Agriculture 
(Division of Entomology), Bulletin No. 8, by Dr. 0. V. Eiley. 
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niontlis. Tlie imago appears late iu Maj, and for a little more 
than a month the males malie the woods ring witli their shrill 
striduiatious. The eggs, which are deposited in tlic green twigs 
o£ trees, mature during the latter part of July ; and each newly- 
hatched larva dropping to the ground, takes up a solitary subter- 
ranean life, which it follows till its period of 17 years is nearly 
complete. It then appears above the ground, passes into its 
winged stage, and enters on a few weeks of social life which 
closes its career. This species is widely disiribated in that part 
of the United States that lies betwmen the Atlantic shore and the 
Eocky Mountains. It does not, however, occur in Minnesota,- 
17orthern Michigan, or ISTorthern I7ew England. It is, however, 
represented by two races iu every respect the same, except that 
one has a life-history of thirteen aud the other of seventeen years. 
The 13-year race pi’e vails in the Gulf States, wdiile in New Eng- 
land and the Middle States the 17-year race is alone found. In 
Illinois, Missouri, Kansas, and in several of the Southern States 
the two races occur in the same localities ; but it is evident that 
even in such localities it is only once in 221 years that there will 
be any opportunity for crossing between them, and we are 
informed by those who have made a special study of the subject 
tliatthey do not cross when these opportunities occur. 

These two races are therefore protected by partial Local Se- 
gregation ; by Cyclical Segregation rendering it impossible that 
a brood of each oeenpying the same locality should have oppor- 
tunity for crossing more than once in 17 generations of the shorter- 
lived race, or once in 13 generations of the longer-lived race ; and 
by Sexual Segregation that shows itself in diversity of instincts 
preventing them from pairing when other conditions :hivour. 

'Whether devices have been tried to induce cross-imionB, and 
whetlier such unions are unfrnitful, I have never heard; but tlio 
simple fact that 15-year forms do not appear in localities where 
the two races are found, indicates that in nature they do not 
cross. Several snch localities have been reported, but in none of 
them lias an intermediate form been found. It seems, therefore, 
tin it we may safely draw the conclusion that we have here a case of 
complete Sexual Segi'egation beriveen forms wliich to the Irumaii 
eye are undistinguishahle, aud which call their mates with stri- 
clulations which to the human ear are the same. Now I claim that 
in such races as these we have the heginning of divergent species— 
a beginning that lies in the segregative influences of constitutional 
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and instinctive qualities persistently inlierited by the two races, 
though the naturalist who examines specimens of the two races 
cannot distinguish them. All that is necessary to convert these 
two races into good species is the transformation o£ one or both 
of them while they are tlius prevented from crossing ; for we may 
1)0 assured that the results of transformation under such circum- 
stances will never be completely parallel 

Each of these races is again subdivided ^ for accompanying 
eaeli is a diminutive form, differing somewhat in colour, not so 
early by eight or ten days in its first appearance, producing a 
quite distinct stridulation, and showing no disposition to associat(3 
with the larger form. This small form was described in 1851 by 
l)r. Eisher as a new species under the name Gicacla Oassiiiii. Dr. 
Eiley, however, hesitates to receive it as a separate species 
because the differences presented hy the male genitalia are not 
constant. He says “there are sufficient differences to separate 
the two forms as distinct ; but while the hooks of the large kind 
(sejpfemdecim) are quite constant in their appearances, those of 
the smaller kind {Cassinii) are variable, and in some few specimens 
are indistinguishable from those of the large kind. This cir- 
cumstance, coupled with the fact that the small kind regularly 
occurs with both the 17 - and 18-year broods, would indicate it to 
be a dimorpliic form of the larger, and only entitled to varietal 
rank ” 

I consider this case as of equal interest with the previous one ; 
for it is an example of complete segregation between the forms 
of one species through diversity in their instincts. Whether 
these divergent instincts are sexual or social may be a matter of 
question ; but in either case they are effectual in preventing 
crossing. 

If future investigation shows that the. small form is often pro- 
duced directly from the eggs of the large form, it will have but 
little claim to be regarded as a separate race ; but even then, if 
the small form breeds only with its own kind, as has been 
reported by several observers, and if the offspring persistently 
'reproduce the characters of tlie parents, it will have to be con- 
sidered something more than a dimorphic form of the large one. 
It would, in that case, be a dimorphic form that is assuming the 

United-States Department of Agriculture (Division of Entomology), Eid- 
i. tin No. 8, p. 7. 
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diaraeter of a species. If tlie two forms were without segregative 
sexual and social instincts, then, with cross-fertilitj, the small 
form would be rapidly absorbed by the large form, wdiicli greatly 
preponderates in numbers ; and witli cross-sterility the small form 
would rapidly become extinct ; for, through the comparative 
scarcity of their numbers; the representatives of the small form 
would have but little chance of mating with each other. 

On the other hand, if the Sexual and Social Segregation is 
complete, it matters but little whether the forms are mutually 
sterile, for the separate races or species will he protected by the 
Positive Segregation produced by tlie divergent instincts, even if 
the hTegative Segregation, depending on structural incompatibility 
and lack of physiological adaptation, is entirely wanting. It is 
only w'hen associated with Positive Segregation that is partial in 
its results, that iN’egative forms of Segregation become important 
factors in the preservation of diverging forms. 

In animals that pair, Segregation through sexual and social 
instincts plays a similar role in giving pre-emptive power to the 
males of a given species over the females of the same species, that 
is played by Potential and Prepotential Segregation in organisms 
wliose fertilizing elements are distributed by wind or water. In 
the one case Instinctive, and in the other Potential Segregation, 
arising between varieties of the same species, marks these varieties 
as being the initial forms of divergent species. 

This species presents another form of Segregation which is of 
much interest, though it has not yet resulted in forms that can 
be ranked as different races. I refer to the complete Cyclical 
Segregation that exists between the different broods of a given 
race appearing in different years. Of the 13-jear race there are 
seven broods, and of the l7-year race fourteen. As an example 
of different broods occurring in the same region I would mention 
the two broods in the district of Columbia, one appearing in 1885 
and at intervals of seventeen years thereafter, and anotlier ap- 
pearing ill 1894 and at intervals of seventeen years thereafter. 
We have no means of testing the sexual or social instincts of 
these different broods, for they never appear in the same year. 
No one can say wdiether if they could be brought together they 
would be found as indisposed .to breed with each other as are the 
13-jearand 17-year races. But, be that as it may, the two forms 
are as completely segregated as they can be, and the opportunity 
for independent, and therefore divergent, ti’aiisformation is much 
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the same as that which exists between the 13- and 17- year races. 
Two or three of the States have but one brood each ; but in Ohio 
seven 17-year broods are reported, and in North Carolina one 13- 
year and six 17-year broods. I-judge, however, from the reports 
that, even in these last-mentioned States, there are but few places, 
if any, where more than three broods overlap. 

I have not seen any discussion of the causes that have pro- 
duced these broods, but if we may believe that they have existed 
for a thousand generations, a possible if not probable cause is 
found ill the unsettled conditions of climate that must have 
attoncled the brealdiig-up of the great ice-periocL During years 
of diminished cold, colonies may have taken possession of regions 
which were too cold for their development at the return of the 
17-ycar period when the ' offspring should have appeared; and 
still some of the hGiiiimbed and delayed pupne may have survived, 
making their appearance one, two, three or more years later, 
when conditions were more favourable. The following observa- 
tion referred to by Dr. liiley, in explanation of the accelerated or 
retarded appearance of s^ioradic individuals, throws some light on 
the origin of the diirorent broods; — “That circumstances favour- 
able or otherwise may accelerate or retard their development was 
accidentally proven in 1868 by Dr. E. S. Hull, of Alton, 111., as 
by constructing underground flues for the purpose of forcing 
vegetables, lie also caused the Cicadas to issue as early as the 20fch 
of March, and at consecutive periods afterwards till May, though, 
strange to say, these premature iudividuals did not sing. They 
frequently appear in small numbers, and more rarely in large 
numbers,’ the year before or the year after their proper period. 
This is more especially the Case with the 13-year broods That 
climate has been an important factor in the • development of the 
13- and 17-year races is indicated by the fact that most of the 
districts occupied by the l7-year race lie north of lat. 38°, and 
most of those occupied by the i3-year race lie south of that line, 
though in Illinois there is a 13-year brood as far north as lat. 

Dr. Eiley has not referred to the coincidence, but it seesns 
to me a fact of some interest in this connection, that the southern 
limit of the great ice-cap which covered Canada and the northern 
part of the United States during the Grlacial epoch extended along 

* XJ.S. Department of Agriculture (Division of Entomology), Bulletin No. 8, 
p. 8, by C. V. Eiley. 
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an irregular line between tlie parallels of lat. 38^^ and 40° Lying 
soutli of the ice-region there was probably a coiiBiderable bolt of 
country covered with pines and other conifers not adapted to the 
breeding ol’ this species, so that both races, if they thou existed, 
must have been crowxled into the southern portion of the region 
now occupied by the 13-year race. 

Instinctive and Cyclical forms of Segregation, such as cause 
the independent generation of the races and broods of this species, 
are usually associated witli clearly developed specific distinctions 
relating to form, colour, and function. This does not, however, 
prove that the segregative divergence was subsequent to the 
general divergence in other respects j for if complete segregation 
continues for many generations it is likely to be followed by other 
divergences, and the divergent forms are then ranked as separate 
species. Moreover, the number of generations covered by the 
initial stage in which the different sections are only races is very 
small compared with those that are likely to be covered by the- 
stages wdien they are separate species and genera. It is only, 
therefore, by rare chance that we find t%vo forms that are still in 
the earliest stage of divergence and are, at the same time, com- 
pletely segregated by constitutional difi'erences. Again, segre- 
gative endowments are usually developed somewhat gradually ; 
and Avhile the segregation is advancing other transformations 
take place, so that by the time all crossing has come to an end 
the different sections have become well-marked species. Some- 
times, as in the case of the three species of Butterflies already 
considered, there is more or less crossing after the sections have 
become quite distinct sq)ecies. Such cases, however, as are 
presented by the 13- and 17-year races apd by the different broods 
of this species of Cicada., show that complete segregation may be 
produced by the psychological and physiological constitutioji of 
difterent races, while distinctions of form, colour, and maimer 
of call are entirely wanting so far as we can observe. Tiiis has 
seemed impossible to some naturalists, especially since Darwin 
has admitted that cross- steidlity cannot be attributed to natural 
selection, and has therefore attributed it to the indirect effects 
of other qualities which have been produced by natural selection. 

The great contrast in this respect between the species of Basi- 
larcJda and the 13- and 17-year races of Cicada septevideeim may 
perhaps be partially explained by the fact that the latter spend 
the greater part of their existence under ground, where the con- 
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tliiioiis have not been seriously changed since the close of tl>e 
last glacial period. Again, one generation of tlic 17-year ra(*n of 
Cicada covers a period equal to that of thirty or forty generations 
of the Basilarchia^ bringing thirty or forty fluctiiatioiis of 
climate, food, &c. to the latter, while the former is, for the most 
part, protected from serious fluctuations. 

It is of course equally impossible to prove by alHuclusivc obscr- 
vations, either that tens format ion is never completely j^arallel in 
sections of a species that are prevented from crossing, or thatinde™ 
pendent generation long continued is sure to result in independent 
transformation, and therefore in divergence ; but it is of no small 
interest that we find in the IS-^mar and 17-year races of this 
species the strongest proof that there are sometimes divergences 
which our senses do not perceive. If our senses were a sufiicient 
test, it might be maintained that between these races a high 
degree of local and Cyclical Segregation has existed for many 
generations, without any other form of transformation having 
arisen to increase the divergence ; but if our informants are 
correct when they tell us that these races do not cross when 
appearing in the same district and at the same time, we need not 
hesitate to affirm that there must be some distinguishing cha- 
racteristics by which those of one race are able to find eaeb other, 
as well as segregative instincts which lead them to choose each 
other’s society; and, even if our informants are mistaken in sup- 
posing that cross-unions do not occur, there must be some form 
of incompatibility between the twm races, resting on divergent en- 
dowments ; for otherwise we should find hybrid descendants with 
periods of more than 13 and less than 17 years* duration. 


COIS'CLUDIFG EeMAEES. 

OtdUne of tlie Argument in support offlie Theory of I) her qent 
JSvohdion through Gmmilattve Segregation. 

(1) The invariable experience of mankind m producing do- 
mestic races show^s that Segregation is a controlling factor. The 
Segregation that produces domestic breeds and races is tbiind to 
be of two kinds : first, that which is produced by men who 
designedly preserve the difterent styles of variation presented by 
one species, wiiile at the same time they prevent them from 
crossing; and, second, that which commences in the indiscri- 
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niinate dirision of tlie sjDecies into sections that are prevented 
from freely crossing througK their being under the care of sepa- 
rate tribes of men 5 and which is changed into decided Segregation 
through the diversity of selection, or of some other traiisfo ruling 
principle, to which the diferent sections are sure to be exposed ; 
for it is found that these principles when brought to bear on 
separated sections never produce completely parallel effects. 

(2) The parainoimt effects of Independent Generation having 
been, shown in the broad fields of biological experiment presented 
by the domestication of plants and animals, tlie question is next 
raised whether species in a state of nature are subjected to influ- 
ences dividing the individuals of oue species into sections that 
are prevented from crossing ; and if they are, how far this Inde- 
pendent Generation involves Segregate Generation. 

In my paper entitled “ Divergent Evolution through Cuinii- 
lative Segregation” it was shown that there are many classes of 
activities by which the individuals of a species are thus divided, 
and that, in the majority of eases, the very process that separates 
them assorts them into classes with reference to one or more 
points of character,* thus producing segregation that is com- 
pletely parallel in its character to the segregation that is designedly 
produced by the pigeon-fancier between his various breeds of 
pigeons. 

In the earlier half of the present paper I have shown that the 
iiidiscriiniiiate division of tlie speeies, which often results from 
inigratipii or geological changes, and sometimes from other causes, 
inevitably involves some Segregation ; and whenever the trans- 
forming influences of the other factors of evolution begin to 
operate in the different seetiona, tliis initial Segregation is in- 
evitably intODsiiied and the divergence increased ; for it is in the 
last degree improbable that change produced by these principles 
of transformation in sections that are prevented from crossing 
should be completely parallel in the different sections, even when 
exposed to the same environments. Having shown that the 
forms of Segregation produced in nature are analogous to those 
produced in artificial breeding, — 

(3) Tlie last step is to show, as has been attempted in the 
latter half of the present paper, that the imlations to each other 
of varieties, species, genera, and the higher groups ai e siicli as 
wQiild necessarily be presented if all such differences were the 
result of evolution that is always dependent on some form of 
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St^gregation, but not always on diversity of natural selection, nor 
always on exposure to different environments. 

We have found that persistent differences, w^hetlier varietal, 
specific, or generic, are not all adaptational, for some of them 
have no relation to utility ; and tliat adaptational differences are 
not all advantageous, for some of them relate to adaptations tlmt 
Would meet with equal success if the organisms should exehang ^ 
habitats ; but that in every case divergence, wlietlier utilitarian 
or non-utilitarian, wdaether advantageous or disadvantageous, is 
not maintained without Independent Generation. 

Eeplv to Ceiticisw. 

In view of the examples of divergence that have been discussed 
in this paper, I thinh I may state, as in my previous paper, 
‘‘ It is therefore evident that the simple fact of divergence in any 
case is not sufficient ground for assuming that the divergent form 
has an advantage over the type from which it diverges ” 
Mr. Wallace has criticised this statement, using the following 
words t: — It seems to me that throughout his paper Mr. Guliek 
omits the consideration of the inevitable agency of natural 
selection, arising from the fact of only a very small proportion 

of the offspring produced each year possibly surviving He 

omits from all consideration the fact that at each step of the 
divergence there w^as necessarily selection of the fit and less fit to 
survive ; and that if, as a fact, the two extremes have survived, 
and not the intermediate steps that led to one or both of them, it 
is a proof that hath had an advantage over the original less 
specialized form.” 'JBut what if the type from wdiich the new 
form diverges is surviving at the same time that the new form 
survives ? And what if both the forms are surrounded by the same 
environment which they use in different ways ? Where then is the 
proof that the newer form has an advantage over the older form ? 
This w'as the class of facts I had been considering in the preceding 
paragraphs, 'which led to the conclusion criticised by Mr. Wallace ; 
and instead of omitting ‘‘the consideration of the inevitable 
agency of natural selection,” it was the very thing I was con- 
sidering, as 'will be seen by referring to p. 213. I had pointed 
out, that when a segregated portion of a species exposed to the 

^ Liiincau Society’s Joiirnal, Zoology, vol. xx. p, 214. 
t Nature, toI. xxxviii, p. 401. 
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siinie eiiTiroBiiieiit clianges its liabits, learning to appropriate 
resoorces that had not been previously used, it becomes a new 
iiitergenerating group “ in ivJiicli a new and divergent form of 
natural selection is estallishedf but that the result of the diver- 
gence thus produced is not necessarily advantageous, and may 
for many generations be somewhat disadvantageous. As I was 
aware that many naturalists wmuld consider it absurd to suppose 
that disadvantageous, or even n on-advantageous instincts, ever 
persist and become the occasion of divergent selection, I re- 
ferred to Barwin^s opinion that such might be tlie case with 
sexual instincts, and that the progenitors of man were deprived 
of their hairy coat by sexual selection that was, in its earlier 
stages, disadvantageous. I am not aware that Barwiji has ever 
attempted to show" how" divergent sexual instincts arise and be- 
come permanently fixed as distinguishing characters of varieties 
and species. ‘‘ The Advantage of Divergence,” the princijdo on 
which he relied to account for divergent habits, producing diver- 
gent natural selection, he never attempted to apply here ; and, 
above all, when he believed the newer instinct to be either non- 
advaiitageous or disadvantageous, as contrasted with the older 
instinct, he certainly could not have attributed advantage to the 
resulting divergence. As I have pointed out on previous occa- 
sions, Darwin assumed a psychological divergence in the sexual 
instincts of a species in order to account for the divergence in 
their secondary sexual characters relating to form, colour, &c. ; 
and as there is no reason giveii why the psychological divergence 
should take place, or why it should precede the change in form 
and colour, the theory of Sexual Selection, as presented by 
Darwin, is incomplete and unsatisfactory, especially in its rela- 
tions to divergent evolution. If he had timnvn light on the 
causes of divergence in sexual instincts, he would have found the 
same or similar princij)les applicable to the explanation of diver- 
gence of all kinds. But my object in referring to his opinion hero 
is to point out that he was free to admit that perraaoent diver- 
gence in sexual instincts may be n on-advantageous, or even some- 
wdiat disadvantageous ; and if this is true of sexual instincts, I 
do not see why it may not be equally true of industrial instincts- 
I think there is ample evidence that, when segregation has been 
established, divergence which is neither advantageous nor disad- 
vantageous often arises in industrial as w"eli as other instiiict.s, 
and that these instincts may introduce new forms of natural, 
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sexual, or social selection. The relations which exist between 
habits and their objects are in many species constantly varying 
in such a way as to constitute a series of experiments ; and when 
independent generation exists between different sections of a 
species, there is nothing to prevent divergence in the results of 
those experiments in the different sections, even when exposed to 
the same 'environinent. 

in Darwin’s ^ Posthumous Essay on Instinct,’ published as 
an Appendix to Eomanes’s ‘Mental Evolution in jiiiiinals,’ on 
pages 37S-384i mention is made of certain “imperfections and 
mistakes of instinct/’ and of certain instincts “ that are carried 
to an injurious excess,” and of others that are “ small and trilling.” 
Of the last-named he says : — “ I have not rarely fell: that small and 
trifling instincts were a greater difficulty in our theory than 
those which have so justly excited the wonder of mankind ; for an 
instinct, if really of no considerable importance in the struggle 
for life, could not he modifled or formed through natural selec- 
tion.” After mentioning several which might perhaps be con- 
sidered trifling but are really of great importance to tbe species, 
he alludes to a few that seem to be “ mere tricks ” or “ babits 
■without use to the animals.” Mr. Eomanes, referring to these 
cases, offers the following explanation on p. 275 of the same work 
(I quote from the New York edition, Appleton & Co., 1884) : — 
“ We have seen abundant evidence that non-adaptive habits 
occur in individuals, and may be inherited in the race. There- 
fore, if from play, affection, curiosity, or even mere caprice, the 

animal should perform any useless kind of action habitually 

and if this* habit were to become hereditary in the similarly con- 
stituted progeny, we should have a trivial or useless instinct.” As 
an example of a strongly inherited non-adaptive instinct in a 
wild creature may be mentioned the cackling of the wild hen of 
India after having laid an egg. This habit is referred to by 
Darwin as one that may be slightly detrimental ; but all that is 
necessary to put it beyond the developing influence of natural 
selection is that it should fail of bringing advantage to the 
species ; and that it is of no advantage will, I think, be generally 
admitted. If, then, species differ in regard to instincts that are 
non-advantageous, they are liable to present non-advantageous 
differences in form and colour, resulting either from the same 
causes that have produced the divergent instincts, or from diver- 
gent forms of natural, sexual, and social selection produced by 

MM. sovm. — ZOOLOOT, VOL. XXIII. 25 
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these instincts ; it will, however, be found that Segregation is the 
cause, or at least the necessary condition, on which the divergence 
depends. 

In the present paper I have mentioned cases, representative of 
multitudes of others, in which there is divergence between two 
varieties or species occupying different districts, but surrounded 
by the same environments. In such cases, the differences pre- 
sented by the separate forms and the divergence by which the 
differences have been produced, cannot be regarded as advan- 
tageous ; for if the forms should exchange districts, the environ- 
ment being the same, no disadvantage would he experienced ; 
and this is equally true whether ihe differences relate to industrial 
adaptations, or to adaptations between the sexual instincts and 
the other secondary sexual characters of the group, or to characters 
that are absolutely non-utilitarian. 

Mr. Wallace says that, in my previous paper, he loots in vain 
for any proof that cumulative segregation produces cumulative 
divergence ; but at the same time, he claims that the segregation 
of which 1 speak, and which I have illustrated by a supposed case 
in the breeding of pigeons, is a form of selection wbich he calls 
“ selection by separation.” Adopting his phrase for the moment, 
I understand that he fully admits that in domestication “ selection 
by separation ” will produce divergence. Does he then doubt 
that the same process produced hj natural causes will result in 
divergence ? Or does he deny that selection by separation ” 
ever takes place in nature ? He will probably grant that where- 
ever natural causes act upon the representatives of a species in 
such a way that in each generation thoee presenting one style of 
variation are led to breed together and are prevented from breeding 
with other kinds, there divergence will certainly follows This is 
what I call Segregation. That without it there is no cumulative 
divergence, and that with it there is always divergence, is amply 
proved by tbe universal experience of man in the domestication 
of plants and animals. All that is lacking is the consistent 
application of our knowledge to the theory of evolution. 

Segregation is a process of much deeper significance than 
indiscriminate isolation, with which he seems to confound it j and 
one which in nature arises from a wide range of causes, some 
of which I have pointed out. But isolation without assortment 
of the forms according to any principle by which those of a kind 
are brought together, is often trausformed into Segregation by 



IKTE]S^SIVE SEGREGATIOy. 


377 


tlie operation of tlie principles of transformation in tlie isolated 
sections of tie species. This change is often brought about by 
the difference of the environments to which the organism is exposed 
in the isolated areas. This one form of Segregation has been 
clearly jointed out hy Darwin, though he did not recognize segre- 
gation as a necessary condition for divergence. There are, how- 
ever, many other ways in which nature produces a similar result, 
Some of these are operative when the organism is distributed in 
isolated districts hut surrounded hy the same environment, and 
some of them have to do with the development of non-adaptative 
divergences, which cannot come under the cumulative influence 
of natural selection. 

It thus appears that Independent Greneration co-operating with 
Natural Selection is one form of the wider principle of Segre- 
gation, which, in its many forms, is the ever present condition 
preceding cumulative divergence. Whatever divides the repre- 
sentatives of a species in such a way that those of a kind are 
made to intergenerate while prevented from intergenerating with 
other kinds is a cause of Segregation. This is my definition of 
Segregation ; and my theory is that whatever causes Segregation 
causes divergence, and without Segregation there is no cumulative 
divergence. Now, in order to refute the theory it is necessary 
to show either that Segregation does not take place in nature, or 
that it is not accompanied by divergence, or that divergence takes 
place without Segregation. As Mr. Wallace has not attempted to 
prove any one of these counter propositions, I think his criticism 
is aside from the main issue. Even if my paper presents a body 
of theoretical statements’’ with “ no additional facts,” this does 
not show that tlie theory is incorrect or the new use of the old 
flicts unimportant in the explanation of divergent evolution. 
‘ The Origin of Species ’ was filled with new theories applied to 
old facts. The importance of Cumulative Divergence through 
Cumulative Segregation, if a fact, is admitted. Is it a fact ? is 
then the question that needs to be, discussed ; but, if Segregation 
is supposed to be no more than Isolation, the discussion will be 
of little avail. 

In the Journal of the Eoyal Microscopical Society, 1889, part i. 
pages 33“4, will be found an apprecfative, though a very brief 
review of my theory, closing with the suggestion that fuller 
elucidation is needed of the alleged tendency in nature to trans- 
form separation, when long continued, into increasing segregation 
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and diTergeiice. Want of space in'iny first essay made it neces- 
sary to postpone tlie full discussion of this part of tlie theory ; 
hut in the present paper I hare sought to point out some of tlie 
more manifest principles on which this general law of Intension 
rests. There are undoubtedly other principles of trail sfoniiation, 
which, when combined with separate breeding, inevitably produce 
divergent instead of parallel evolution ; but the principles pointed 
out in this paper are sufficient to establish the general tendency, 
and to show^ that natural selection is by no means the only prin- 
ciple on which the law rests. If we could obtain sections of a 
species presenting exactly the same average character, and if we 
could prevent all the principles of transformation from coming 
in to aid in the process,. separate breeding under such conditions 
would perhaps never produce divergence ; but, as separation never 
produces exactly equivalent sections, it always tends to introduce 
transformation, through changed or unbalanced action in prin- 
ciples that would otherwise be unchanged and balanced in their 
action and therefore without transforming influence, and trans- 
formation in the separated sections inevitably becomes divergence. 
We thus gain an explanation of the fact that Isolation, even when 
accompanied by exposure to the same environments, usually in- 
troduces divergent forms of Selectiou, natural, sexual, social, or 
dominationai, and often new effects from the action of other 
principles.* Independent G-eneration precedes and determines 
the possibility of the divergence, and if it is segregative, it also 
determines in a measure the form of the divergence ; hut if it is 
simply separative, the form of the divergence depends on some 
other principle or principles. 


APPEhTDIX. 

Oonstruction of the Permutationail Triangle, 

In the last chapter of my paper on “Divergent Evolution 
through Cumulative Segregation” (p. 250) I referred to the 
Permutatioual Triangle, which I had constructed to fiicilitate 
the solution of a problem there raised in regard to the degree 
of probability of extinctitn that would, under certain conditions, 
result from Segregate Eecundity, The first four lines of the 
table were obtained by direct observation on the permutations 
of letters arranged to represent the pairing of animals entirely 
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lacking in instincts or qualities that secure the pairing together 
of those of one kind, 

For example, let A, B, C represent three females of three 
varieties of pigeons, and a, b, c three males of the same varieties, 
all occupying one aviarj. Now supposing they are devoid of 
Segregating instincts, and that they all pair, what are the pro- 
babilities concerning the pairing of the males with their own 
kindP These will be clearly shown by arranging the letters 
representing one of the sexes in one fixed order, placing the letters 
representing the other sex underneath in every possible permuta- 
tion of order. If we make six experiments the ABC 
probability is that in 2 cases none, in 3 cases a h c 

one, and in one case 3, will pair with their own a c b 

kind. These numbers constitute the four terms cab 
of the third line- The first, second, and fourth b a e 

lines were constructed in the same way, but for b c a 

the construction of the tenth line in this way I c & a 

estimated that several years of constant writing would be required. 
The remaining lines here given were therefore constructed ac- 
cording to the following rules, which were discovered by studying 
the first four lines. The discussion of different methods of con- 
structing the Permutational Triangle, and the interesting pro- 
perties of the same when constructed, must be deferred ; but I 
may say here that I believe it will be found an important instru- 
ment for estimating a large class of probabilities. 

method of constructing any line of the Permutatioml 
Triangle from the preceding line. 

(1) Of any given line, any desired number, except the first, 
may he obtained by multiplying the preceding number of the 
preceding line hy the factor of the given line and dividing tlie 
result by the figure marking the degree of correspondence of the 
column of the desired number. (2) The first number of any line 
is one less or on© more than the second number of the same line, 
according as the factor of the line is an odd or an even number. 
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I. On the Arteries of the Inferior Mesenteric Series, in the 
Iclithi/opsida, 

The alimentary canal and its appended glands in the Plagiostome 
fishes receive their arterial supply from three or more trunks 
arising from the dorsal aorta (Plate I., ao., fig. 1). Of these, the 
least variable are those which form the extreme anterior and 
posterior members of the series as hitherto described {cf figs. 7, 
iii., iv., V.), viz. the so-called cceliac and inferior mesenteric 
arteries. In addition to these there are usually present two 
arteries which, unlike the rest, are paired, being derivative of 
the iliac vessels {a.i., fig. 2) 5 these, the paired nature of which 
has not before been detected^, pass directly backwards and 
inwards to reach the posterior wall of the cloaca, in a inaiiner 
suggestive of the hypogastric arteries of the higher Vertehrata. 
The vessels alluded to above as “hitherto described” are so well 
known, and their courses and distribution have been so fully 
dealt with by Monro, Plyrtl, Parker, and others, that detailed 
reference to them here is unnecessary. The distribution of the 

^ Hyrtf has recorded the presence of one {Maia elamta) on the left side 
only (18. p. SO). 

Lira. JO era. — zoonoox, tol. xxux. 
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intervening arteries (tlie [anterior or superior] mesentericj 
lieno-gastric, and anterior spennatico-inesenteric, of authors) 
may for the present pass without further comment ; the accoiH” 
panjing figures show them (a.sm,) to be variable in point of 
origin and in mutual relationship ; not so, however, with the so“ 
called inferior (posterior) mesenteric (a^sm. of fig. 1). That 
vessel invariably arises, in Batoids and Selachoids alike, some 
distance in advance of the processus digitiformis and so-called 
rectum (dv^' and iJ. of fig. 1) ; it lies within the snspensory 
ligament of these structures and passes obliquely backwards and 
downwards, to reach the first named of them : on doing this it 
breaks up to form an elaborate system of vessels which are 
restricted to the appendix and to portions of the gut imme- 
diately adjacent (o/. fig. 1). In the long-bodied Selachoids 
this vessel usually supplies the above-mentioned parts alone ; 
in some of them, however (ex. Ifustelm [Parker, 27. p. 701]), as in 
the laterally extended Batoidei f, it sends branches to the genital 
glands, as is expressed in Parker’s term ‘‘posterior sperniatico- 
mesenteric’’ applied to itj. Be the branches and facts of dis- 
tribution of this artery what they maj §, its main trunk is invari- 
ably disposed as above described ; it is primarily related to the 
posterior segment of the intestine with its appendage, and its 
most striking feature is its constant origin at a point remote frotn 
these anteriorly — consequent upon which it takes the said back- 
ward course. 

I have recently published elsewhere |1 some observations in 
ichthyotomy that have extended over several years, in connection 
with which I have had occasion to inject a large number of 
Skate. While doing so, my attention became arrested by the 
occasional presence of one or more arteries passing from the 
dorsal aorta to the intestinal canal 2 )osteriorly to the region 
alluded to above, in addition to the paired vessels already de- 
scribed (an te, p. 881). The only mention of such vessels which I 
have been able to find is one by Hyrtl for the Torpedo^ in whicli he 

* €f, Hyrtl ( 18 ), Parker ( 27 ), and Marshall and Hurst, ‘ Practical Zoology,^ 
ed. 2 (London, 1888), pp. 234, eif seg. 

t Cf. fig. 1, a. g,, and Parker’s ‘ Zootomy,’ p. 62, fig. 20, 

t 27. p. 70L 

§ It distributes branches into the suspensory ligament which lodges it ; and, 
from these, twigs may pass to the genital ducts, especially in the female. 

II Journ, of Anat. and Phys. voL xxiv. (ii. s. vol. iv.), pp. 407-422 (1890). 
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describes (18. p. 13) a single very small artery arising imme- 
diately ill front of the crural vessels and becoming distributed to 
the cloaca — together with the hinder ends of the kidneys and 
related vasa deferentia. 

PL I., fig. 1, represents the parts concerned in one of my 
specimens {Baia dcmita^ adult J ), as dissected from the side after 
injection with French blue. The cloaca of these animals {cV') 
becomesj as is well known, greatly modified — especially in the 
female — ^in relation to the genital ducts {pd?}\ these approximate 
posteriorly in relation to a chamber (oviducal recess, formed 
by partial subdivision of the cloaca. The arteries in question lay 
immediately in front of the approximated ends of the genital 
ducts ; they arose between the kidneys, the anterior one leaving 
the aorta at about the middle of these organs These vessels 
lay, like the so-called posterior mesenteric in the folds of 

tbe suspensory ligament of the so-called rectum ; unlike that, 
however, they passed (not obliquely backwards but) directly 
downwards, at right angles to the long axis of the body. The 
distance between them was far less than that between the 
anterior one and the so-called posterior mesenteric. I have, in 
two instances, detected the passage from the extreme base of the 
aorta, immediately before the point of origin of the iliac vessels, 
of a couple of very delicate trunks for the post-eloacal -wall 
(adm., fig. 1). Similar vessels may be present in Acanthias ; 
they arise in the immediate vicinity of the bases of the kidneys, 
and reach the cloaca posteriorly to tbe genital ducts. I take 
them to be the homologues of that vessel referred to by Hyrtl 
in Torpedo, hTeither set of arteries supplied (with tbe exception 
named above), so far as I was able to ascertain, anything but 
that portion of the intestinal canal immediately adjacent to its 
point of origin. 

. It is clear from the foregoing that any comparison which shall 
now or in future be instituted between the arteries of the 
posterior portion of the Skate’s intestine and those of the corre- 
sponding parts in other Vertebrates must take into consideration 

* In one specimen observed, the anterior renal artery of the exposed side 
arose at this point together with the intestinal vessel named, from a common 
trunk. I am indebted to my demonstrator, Mr. M. F. Woodward, for the 
knowledge of a specimen {Baia mamlata, 5) in which the posterior renal 
artery of either side gave off a vessel to the cloacal wall, a short distance 
behind the oviduct. 
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two sets of triiriks— an anterior set (the so-called inferior 
[posterior] mesenteric) fig. 1), arising in advance oi tlie 

gut and passing obliquely backwards ; and a posterior set 3 arising 
111 the immediate vicinity of the gut and passing directly down- 
wards. The alimentary tract of the higher Vertebrata receives 
its arterial supply from two sets of vessels — an anterior set (the 
coeliae and superior mesenteric arteries), which arise close 
together or from a common trunk ; and a posterior (the inferior 
mesenteric artery or arteries), which arise far back and pass 
either directly downwards or but little obliquely backwards or 
forwards. These well-known facts at once suggest homology 
between the smaller vessels which I have herein described for 
the Skate {a,i?n. of fig. 1 ) and those of the inferior mesenteric 
series as ordinarily understood. The lack of oblique disposition 
is not, however, the only distinctive feature of these vessels. 
Those arteries known in the higher Vertebrata as the inferior 
mesenteric are so called from at least an analogy to the single 
vessel to which the term wms first applied in mammals The 
inferior mesenteric artery of the Mammal supplies the rectum and 
the posterior section of the colon alone — it supplies, that is to 
say, the posterior portion of the large intestine 5 be this viscus 
relatively short (as in the Cat and Bog), or relatively long (as 
in the herbivorous mammals), the trunk of the inferior mesenteric 
artery never undergoes marked displacement, either in a back- 
ward or forward direction. Such adaptive change as this vessel 
exhibits is of the nature of an extension of its branches along the 
dorsal wall of the gut, without displacement of its main trunk. 

That the above remarks apply equally to most Aiimiota can be 
readily proved on appeal to the works of leading authorities. 
Among the Ichthyopsida, however, the recognition of a similar 
condition of the arterial supply has, to a great extent, escaped 
notice. To take a leading example, i e, the Comiiion Trog. 
In tliat animal, as is well known, the alimentary . canal receives 
its arterial blood for the most part from af sihgle coeliaco- 
mesenteric trunk ; this supplies that viscus -with its appendages 
from the post-oesophageal region to the middle of the large 
intestine {ef. Wiedersheim 8. Abth. ii. j)|), 7Q-77). Thox-e 
arises from the aorta, alinost immediately in front of its point 

It is said to be absent in the JDiddphia (Owen, 25. p. 541) and Mo^iotrc-* 
mata (Owen, 24. p. 301) *, Kyrtl denies this (17. p. 7) foi' Omithi/thpichm, 
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of bifurcation, a well-marted vessel (aJm. fig. 4«-, im. iii. fig. 2), 
which passes directly downwards, or but little obliquely back- 
wards, for distribution to the immediately adjacent wall of the 
large intestine. That viscus (i.L) is in this animal, as in the 
lehtliyopsida generally, very short ,• and the vessel in question 
supplies its posterior half — supplies, tliat is to say, that portion 
of it which in the Mammalia becomes diiferentiated into at least 
the rectum; it has been termed by Wieclersheim, who first 
described it (8. Abtln ii. p. 77), tlie ‘‘ Arterie mesenterica inf. 
Oiler A, hcsmorrlioidalu mperiorf and by Marshall. (22. p. 29) 
the ‘‘ Jicemorrhoidal artery T Inasmuch as it agrees, in every 
detail, with the inferior mesenteric artery of the Mammalia and 
higher Sauropsida (and especially with that of man to w^hicli the 
term inferior mesenteric ” was first applied), it must be 
similarly named An unfortunate confusion has arisen be- 
tween its main trunk and the superior lisemorrhoidal artery of 
the higher Amniota, which is but a branch of its homologue ; and 
the burden of proof that it represents this branch alone lies with 
those who have, as I believe, wrongly identified it. 

Turning from the Erog to the Salamander, w’e find usually 
four such vessels represented fig. 5). These yvew first 

described by Hyrtl f, and subsequently by Eiisconi (30. pL vi, 
fig. 1), who confused them with the eiferent veins of the cloaca; 
he, how'ever, figured them with perfect accuracy, and they have 
been more recently diagrammatieally represented by Wieder- 
sheim (33. p. 715, fig. 550 b). Hyrtl has described in JBrotens^ 
Siren (1. e.), and CryptohrancJins (19. p. 109) a series of vessels 
having similar relationships. On examination, these ax'teries 
are seen (fig. 5, a.im.) to agree, in origin and distribution, with 
the inferior mesenteric artery of the Erog and of the Amniota 
on the one band, and with at least the anterior twAi of the four 
vessels herein described for the Elasmobrauchs on the other. 

In all these animals individual variations affect, among other 
parts, the arteries under consideration ; and, in the case of the 
Erog, the former have hitherto escaped notice. Eig. 3 combines 
the invariable condition met with in that animal (aJm. iii.) 

* Wiederslieim figures it {op. cit. p. 77, fig. 37), hi error, as distributed to 
the urinary bladder. I have never observed this arrangement. The allantoic 
bladder of the Amphibia receives its arterial -supply, as does its homologue 
among the Amniota, from the iliac vessels. 

t Of. “ Lepidosiren paradom" Prag, 1845, p. 39, 
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with such variations as I have from time to time observed (a,wt, 
i. ii.). In one specimen (an adult $) there arose from the 
aorta, a short distance in advance of the artery (iii.) normally 
present, a single trimh (i.); this gave off, soon after its origin, a 
small branch to the oviduct of the left side, but its main trunk 
ran on to be distributed to the immediately adjacent wall of tlie 
large intestine. In two other examples (both males) I have 
noted the presence of two arteries (ii.) which, like the foregoing, 
passed at once to the adjacent intestinal wall ; they differed 
from the last-named only in their relative slenderness, and in 
their exclusive restriction to the large intestine. The identity of 
these vessels with those of the Salamander is most striking, 
and when the parts under consideration in these animals 
and the fish ai’e (as delineated in PI I. figs. 1, 3, and 5) 
reduced to the same size, the point of origin of the anterior of 
the series is seen to coincide throughout. Wiedersheiin speaks 
of these vessels (33. p. 715) in the Salamander as arteries of the 
rectum (‘ Mastdarm ’) : in that they supply the greater portion 
of the large intestine, this term is insufBcient — for, on the 
assumption (which can hardly be open to doubt) that the large 
intestines of the Amphibia and Amniota are homologous, they 
supply that section of the same which, in the ascending series of 
Vertehrata, hecomCvS differentiated into the rectum and greater 
portion of the colon. Here the mind again reverts to the 
Mammal, and demands the declaration of homology between 
these vessels and the inferior mesenteric artery of it and of the 
higher Amniota, as the logical sequence to the facts. 

The area of distribution of the single inferior mesenteric arterj^ 
of the higher types being showm to coincide with that of the 
series in the Amphibia (and Thornback), the question irnmediatelv 
arises whether the conditiou of the first-named may not have 
arisen, either from a collecting together of the several trunks, or 
from atrophy of certain of the same, wholly or in part. The 
leading branches of these vessels usually lie, in the Salamatider 
(fig. 5), along the dorsal middle line of the intestine ; they there 
anastomose freely to form a generally wnll-defined longitudinal 
vessel, from which the side branches arise. In view of this, the 
obliteration of, say, the three anterior trunks of the series, between 
the aorta and the intestinal wall, would give us a condition 
identical with that of the higher types (cf. ante^ p. 384) j and it 
is conceivable that that realized in the latter may have arisen in 
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soiTie siicli manner. I have met with individual Salamanders in 
which the arteries in question were reduced in number. The 
most striking example was one in which two, instead of four, 
main trunks were represented (fig. 6, aim,)] of these, the 
anterior one occupied the position and had the relationships of the 
anterior of the fonr more normally present, while the posterior 
one coincided in origin with the normal second artery, but par- 
took of the distribution of the posterior three usually present 
(cf. fig. 5). These facts appear to me to indicate an origin of the 
single artery of the higher forms by concrescence such as I have 
postulated ; and, in further support of a belief in the same, 
attention may be directed to the greater calibre of the posterior 
of the two arteries (fig. 6) in the Salamander and to an indi- 
vidual Frog ($, fig. 4), in wFich the single artery present 
suddenly divided almost immediately after leaving the aorta 
(ao). 

II. On the Arteries of the Qoeliae and Stiperior Mesenteric 
Series, m the Iclitlipopsida. 

I claim to have shown, in the foregoing, that those arteries 
which in the Ichtliyopsida supply the posterior segment of the 
large intestine are serially homologous with the inferior mesen- 
teric of the higher forms, and that the leading feature of these, 
taken collectively, is the invariable disposition of their main 
trunks at right angles to the axis of the body. In respect to 
this they contrast most forcibly with the great arteries which 
supply the rest of the alimentary canal ; those generally arise 
far forwards, either from a single trunk (cceliaco-mesenterie) or 
from two (coeliac and superior [anterior] mesenteric) or more 
(cmliac, lieno-gastric, mesenteric, spermatico-mesenteric) trunks 
well known {of Hyrtl 18, Parker 37, and fig. 6, i. to t.). 

The terminal portion of the intestine of the Plagiostome fishes 
is well known (cf fig. 1) to be destitute of intestinal valve ; it 
leaves the body in a straight line, becoming enlarged posteriorly 
to form the cloaca {cl'y To this valveless segment of the gut 
Monro applied (33. p. 94) the term “ great gut,” but that of 

rectum ” has been since more generally allotted it, apparently 
on a supposed homology with the rectum of the higher Vex'tebrata 

^ Wiederslieim figures an anastomosis between the third and fourth of the 
series (33. p. 715, pi. 550 b), ' ' 
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(i e., and more especially, of the Mammalia). iN'early all previous 
observers have agreed iu regarding it either as a portion or the 
whole of the large intestine. It is characteristic of that part of the 
large intestine which, in the higher Vertebrata, lies immediately in 
front of that related to the inferior mesenteric vessels, that its 
nutrient arteries arise at a point remote from it anteriorly (c/, 
ante^ p. 884) ; exceptions occur (ex. Balamandra^ PL I. fig. 5), but, 
even in such, a wide inteiwal is recognizable between the vessels 
in question and those of the inferior mesenteric series (a.im.). 
Either the posterior artery of this set (where more than two exist) 
or the most posterior branch thereof (where either one [Mana, 
mo>st Teleosief] or twm exist) invariably supplies, in the 

higher Iclithyopsida and Eeptilia the head of the large intes- 
tine, with a more or less considerable portion of the adjacent 
base of the ileum. That to which I here refer as the “ head ” of 
the large intestine includes so much of that viscus as is not 
supplied by the inferior mesenteric vessel or vessels (L e. the 
short csecum and that which in the Mammalia becomes the 
greater portion of the colon). 

On turning to the Plagiostome fishes, a considerable variation 
becomes manifest (fig. 7, i. to v.) in the number and arrangement 
of these vessels. There are never more than three present;, as 
ordinarily enumerated ; four are indicated in the accompanjing 
diagram (fig. 7, iii., iv., v.), hut the terminal one of the series 
is usually excluded from the category, having f)een likened by 
Hyrtl, whose nomenclature has been hitherto everjwdiere adopted, 
to tlie inferior (posterior) mesenteric. As such this vessel is 
customarily described. Herein there lies a contradiction ; for if 
it he true, as I claim to have shown (ante^ p. 886), that the 
inferior mesenteric artery of the higher Vertebrata, witli which it 
has been compared, is one of a series characterized, in all its 
variations, by the fact that its members do not arise at a point; 
anteriorly i^emote from that portion of the gut which they supply, 
this vesstd must he removed from that category, and the term 

inferior mesenteric ” will become inapplicable to it. HyrtPs 
determination was based upon an examination of the vessels of 

* Hoffmann, 14. p. 1574. The term inferior (posterior) mesenteric 
has here been applied to that which clearly represents tlie vessel so named by 
Hyrtl in the Elasmobranchs, those which represent the inferior mesenteries of 
the Amniota and Amphibia being termed rectal arteries {cf. pi, exxxv^ fig. 1). 
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the Batoidei. On reference to fig. 7, ii., which represents the 
origins of these in the Thornhack {Baia clavcitd), it will he seen 
that the coeliac {a,c?) and superior mesenteric, as ordinarily 
described, arise far forwards and close together, as in the 
majority of the biglier Yertehrata, and that the so-called inferior 
mesenteric (the right of the two lettered a.Bm,) arises far behind 
them, in a manner certainly suggestive of the mammal itself, and 
such as might appear, were it true of all PJagiostomes, to justify 
this comparison. In those Selachii of whose arteries we possess 
a sufficient knowledge, the coeliac and superior mesenteric 
arteries of the Eacoids are represented by three trunks (fig. 7, 
hi. to Y. — the coeliac ; superior, anterior, or anterior spermatico- 
mesenteric ; and the lieno-gastric, of authors). In AcantJdas the 
two last named arise far back (v.), in close proximity to that 
which Hyrtl likened to the inferior mesenteric trunk. 

Acantldas (fig. 7, v.) and Baia (ii.) represent the extreme 
terms in the Plagiostome series, so far as our knowledge of the 
arteries of their alimentary canal goes. The origins of the latter 
are indicated to scale in the accompanying figures, and it will he 
seen that there is a constancy of relationship between the cmliac 
and so-called inferior (posterior) mesenteric vessels — the latter 
shifts its position only in the Batoid, in which it is dragged 
forwards, as it were in sympathy with the superior mesenteric, 
which lies in close proximity to the coeliac 

No competent anatomist would hesitate to relegate the cmliac 
and superior mesenteric arteries of Baia (fig. 7, ii.), as ordinarily 
described, to a common category ; nor would he, on fi.rsfc exami- 
nation of AeaniJiias (fig. 7, v.), hesitate to similarly associate the 
two arteries of the superior mesenteric series t with that termed 
by Hyrtl and subsequent writers the ^rinferior mesenteric.” 
Herein lies the whole difficulty — are we justified in longer 
referring, with Hyrtl, the vessel in question (ct.mn. of fig, 1), to 
the inferior mesenteric series ? 

In ScylUum (fig. 7, iv.) we meet with a condition essentially 
transitional between the two extremes above mentioned {Baia ii. 
and AcmitMm v.), inasmuch as the superior mesenteric arteries 

* I suspect that the changes incident upon the lateral extension of the body, 
with its attendant abbreTiation from behind forwards, may be here active. 

1- I refer to these vessels as such for .brevity, and in no want of respect for 
either the work or nomenclature of my contemporaries. . 
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arise very nearly midway between tlie cceliac and Hyrtrs pos- 
terior mesenteric/’ The dotted line a — 0 of the figure will testify 
to the truth of the assertion that, with respect to the origins of 
these arteries, a gradational series is forthcoming among easily 
accessible forms ; and, on the knowledge of that which has gone 
before, we should be justified in removing the so-called ‘inferior ” 
or “ posterior ” mesenteric artery of the Plagiostomes from that 
category, and relegating it to that of the superior mesenteric 
series. 

The inferior mesenteric arteries of those Ichthyopsida least 
remote from the fishes (i. e. the Urodela) are usually four in 
number, and I have attempted to show {ante^ p. 387) that the 
reduction in number of these vessels met with among the higher 
forms (ex. Mana 1 to 3, Lacerta 2 to 3, higher Amniota 1 or 
more) may, in all probability, have been due to modification of 
such a series by concrescence. In view of the variatioxi of the 
coeliaco-superior-mesenteric arteries before referred to, one is 
led to ply the same question, viz. : may not they be the modified 
derivatives of a closely related series ?, That they are liable to 
concrescence at the present day cannot be doubted, since, in 
AeantMaB (fig. 7, v.), it occasionally happens that the mesenteric 
and lieiio-gastric trunks unite. Among the Urodela we meet 
with a condition of the arteries of the coeliaco-superior-mesenteric 
series mwiiicli(^''rt'fa?;^^';?-Jm,fig„ S) the several trunks lie {axm.smd) 
closely aggregated side by side. The most recent account of these 
is that given by Wiederslieim (33. p. 175). Hyrtl has long ago 
described them, as also a similar series in Froteus^ Siren, and 
Crgptobranchus (cf. ante, p. 385) ; Hoffmann alludes to them 
(13. pp. 493“494) as the arteriic ‘‘gastrica anterior,” “gastrica 
mesenterica,” and mesenterica primso et aecessoritc.” Wieder- 
sheiin figures, in Salamandra, six main trunks ; I find seven to 
be the nsual number * (fig. 5, a.om. am,). Be there six or seven 
present, the posterior one invariably supplies the head of tlie 
large intestine; in its relationships to the inferior mesenteric 
vessels it stands identical with the so-called hemorrhoidal 
branch of the Prog’s superior mesenteric on the one hand, 
and w'ith the so-called inferior or posterior mesenteric of the 
Plagiostomes on the other. The arteries of this very interesting 

^ Hyrtl enumerates from 13 to 17 for the collective series in the Urodeles 
referred to. 
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Salamandrine series differ from the corresponding vessels of 
other Vertebrata only in the fact that their main trunks show hut 
little signs of forward displacement. In that they leave the 
dorsal aorta nearly at right angles to the long axis of the body, 
they approximate towards the condition of the inferior mesen- 
teric arteries (ef. ante, p. 388) ; there is, however, a very marked 
gap* between the two sets of vessels, and, of the two, the 
anterior are by far the most closely aggregated {cf. fig. 4). 
Fusion of these, more or less marked, would give ns the varying 
conditions met with in the other V ertebrata. I have satisfied 
myself that reduction in their nnrnber, such as that figured by 
’Wiedersheim {loc. cit.), results either from fusion of a couple 
of the anterior mesenteric trunks (a.sm.), or from confluence 
between the most anterior of these and the cceliaco-mesenteric 
artery (a.cwn). In this we have evidence of a process of change 
identical with that to which the facts concerning the inferior 
mesenteric vessels appear to point (of. ante, p. 387) ; taken in 
conjunction with that above described in AcantliiaB (p. 390), it 
points unmistakably to tbe conclusion that the less nnmerous 
coeliac and superior mesenteric arteries of the other Vertebrata 
may have arisen (as I have attempted to show for the inferior 
mesenteric) from a more numerous sex'ies, by conereseenee. If 
I am right in referring the posterior mesenteric artery of the 
Plagiostome fishes to this coeliaco-anterior-mesenteric series (and 
this, in the long run, is the leading conclusion for which I am 
contending, so far as the blood-vessels are 'concerned), Hyrtl’s 
observation (18, p. 13), that in Torjnedo it is represented by two 
arteries which proceed side by side to tbe processus digitiformis 
and adjacent parts, is very welcome ; for it suggests that in that 
w’hich I would term the supernumerary vessel we may, in all 
probability, be dealing with the representative of one which 
has been lost in the allied forms. The arteries of this series 
vary in number, in the Salamander, from seven to six ; in the 
knowledge of the fact discovered by Hyrtl they do so, in the 
Plagiostomes, from five to three ; and when it is seen that they 
are to-day showing signs of concrescence (ef. ante, p. 390), weave 
enabled to point to the existence of a gradational series which 
very strongly favours the conclusion that the vessels repre- 

^ This appears to have been exceptionally marked in the individual dgured 
by Wiedersheim (33. fig. 550 b). 
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sentativc of tlie same in the majority of living Vertebrates mm/ 
have arisen, by concrescence, in a manner aimlogous to that of the 
allied inferior mesenteric set Moreover, the retention, among 
tim tailed Amphibia, of that which would appear to be the lowest 
stage in the development of the intestinal arteries becomes the 
more interesting and suggestive in view of the lowly condition of 
the iiriiiogenital organs of tliese animals t- 
From the foregoing I would deduce the belief (i.) that the lead- 
ing arteries of the alimentary canal of the Vertebrata may be 
z’esolvecl into two well-marked series — (a) that (including the 
coiliac, superior or anterior mesenteric, lieno -gastric, and sper- 
matico-mesenterie arteries of authors, together with the so-called 
inferior or posterior mesenteric of the Plagiostomes) wliieh I 
would propose to term the anterior s/planchnic series ; and (?^)that 
embracing the inferior mesenteiie arteries as herein defined 
{ante^ p. 388), for which the iQvm posterior splamhuG series may 
suffice : (ii.) that the two series of arteries are always separated 
by a more or less wide interval, which increases in proportion as 
each becomes modified by concrescence : and (iii.) that such modi- 
fication, although common to the two series, affects the posterior 
one in the least marked degree J. The vessels of the anterior 
splanchnic series supply the alimentary canal and its appended 
glands from at least the base of the oesophagus to the bead 
«of the large intestine, where such can be definitely recognized ; 
while those of the posterior series are invariably restricted to 
the posterior portion of the large intestine (colon in part and 


* It is pertinent to remark here that examination of a series of individuals of 
our commonest Ichthyopsida will generally reveal facts of similar significance. 
In the CradulcB it is the rule to find the cceliac and superior mesenteric arteries 
arising conjointly (f-f, I ohaunes Midler’s ‘ Myxinoiden/ Portsetzg. 9, pi. i'ri. fig. 13, 
and Stannius’s Anat. d. Wirbelth.j’Zweite Aufl. p. 245) ; but individuals in wliieh 
they arise independently daily reach our laboratories (of, Parker, ‘Zootomy/ 
p. 113, fig. 32), Similarly, individuals of the common Frog occasionally present 
themselves in which an identical condition may be seen (c/i Emdcy & Martinis 
‘ Practical Elcra. Biology/ revised ed. 1888, p. 87). 

t CJ\ Balfour, “ On the origin and history of the ITrinogenital Organs of 
Vertebrates/’ lourn. Anat. & Phys. vol. x* p. 28 (1876), and Jungers0n[2O], 
pp* 192 et $eq, 

I The facts obviously suggest a likeness to the metameric symmetry of the 
offshoots of the intestinal vessels of the segmented wmrms; but further spemi- 
lation under this head would be now premature. 
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rectum, when difterentiated, with the cloaca). The posterior 
series appear to be wanting only when (espec. Teleostei^ Mar- 
sttpialia) the anterior splanchnic ones supply the entire viscus. 
Whether this condition results from the suppression or absence 
of the posterior serieS;, or from anastomosis between it and the 
anterior, there is, at present, no evidence to show, I have 
examined a large number of Teleostei, in vain, in the hope oi 
finding, in that order, a more general development of the inferior 
mesenteric trunks, as defined by myself. 


III. On Gertain Appendages of the Intestinal Wall of the 
Ichthgopsida, in relation to their Arterial Supphj. 

If the foregoing considerations are sound, it wail follow that 
the so-called inferior mesenteric artery of the Plagiostomes 
{a.sm., fig. 1) really represents that vessel (the posterior vessel of 
the anterior spiauclinic series) which is normally distributed to 
the bead of the large intestine with its adjacent parts, in the 
higher Yertebrata. If this be so, that which we, in the Plagio- 
stome fishes, customarily regard as the rectum, w'ould appear to 
represent the entire large intestine together with a portion of 
the small one, as defined for the terrestrial Yertebrata. 

The most conspicuous stimcture present in this region of the 
Plagiostonie’s gut is theprocmws digitiformis'* {dv'\ fig. 1). On 
comparison with the Prog f (fig. 4) or with a Lizard this struc- 


^ Belter known as the rectal gland ” { biu-sa eloaeaj ” of itetzius). I 
prefer to exclude these terms from the text, for reasons which the sequel will 
show. 

1* That tlic. Frog possesses a rudimentary ctecuin is at once clear on com- 
parison with a Lizard. If the head of the large intestine be opened from the 
sidoj as I'epresonted in fig. 3, it will be seen that the ileum enters that v’iscus 
from below ; a line dx'awn vertically through the valvular extremity of the 
ileum will pass behind an overhanging enlargement of the antero-dorsal wall 
of the large intestine, and that this represents the cmcum coli is clear on con- 
sideration of the well-known facts of morphology of that structure. 

The discovery of the Frog’s cmeum has been attributed to myself^ in error 
(Wiedersheim. [33], p. 504). I was the first to figure it (‘ Atlas of Practie. 
Elem. Biology,’ 1885, pi. 1. fig. 13) ; it was originally described by Huxley in 
Huxley and Martin’s ‘ Elem. Biology,’ original ed. p. 100 (1875). 

+ Of. Parker, ‘ Zootomy/ p, 164 and fig. 40. 
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ture, when viewed in relation to the intestine on the one hand and 
the arteries on the otiierj is found to answer precisely to the 
appendix vermiformis of the Mammalia. Like that, it forms a 
glandular appendage to a diverticulum of the mid-dorsal intes- 
tinal wall ; like that, it receives its arterial supply from the most 
posterior offshoot of the superior mesenteric artery. There is 
here raised the most revolutionary point in my investigation ; 
and the suggestion would appear, at first sight, to be negatived by 
the mode of origin of the diverticulum in question in the Pla- 
giosfcomes, from the middle instead of the anterior extremity of 
that which, in them, we are accustomed to regard as the rectum 
or large intestine. It must not he forgotten, liow^ever, that the 
application of the terms “ rectum ” and ‘‘ colon ” to the intestines 
of fishes implies only a conception of rude analogy to the parts 
so named iu the Mammalia. 

The appendix digitiformis consists of either a digitiform, as its 
name implies (PI. II. figs. 8-14), or a slightly coiled structure 
(Bhim, fig. 15), which comamnicates with the gat by means of a 
more or less well-marked duct (dv^). It has been described in a 
general way by various observers for different genera and species^' ; 
but neither the gland nor its duct have thus far received the atten- 
tion which they merit. That the gland arises as a diverticulum 
of the intestinal wall is clear from the researches of Blanchard 
(2) f. The intestinal spiral valve of the Plagiostomes usually 
terminates at a point remote from the origin of this appendix 
digitiformis and its duct (ex, Baiu, fig. 1, v.i.). Parker has re- 
corded (26) for the valve, in this and other Elasinobi'anchs, an 
astonishing range of individual variation in its mode of disposition 
and total area ; he has failed, however, to lay sufficient stress upon 
the striking nature of the same in relation to its point of ternii- 
iiation posteriorly. In the adult Skate, for example, it may either 
terminate at a point much farther forwards than that represented 
in fig. 1 (^. Parker, h c, pL 10. figs. 1 k 8), or at that marked * 
in the same, thus diminishing the distance betw'een its posterior 
extremity and the orifice of the duct of the appendix digiti- 
formis. In Motidanm {Kej^tanclim) the valve extends still fur- 
ther back, and terminates, in a slightly interrupted but exceed- 
ingly definite manner (fig. 14, immediately in front of the 

^ Por rimne see (7), pp. 157, loS. 

t attention was first drawn to this paper by my IVieEcl Br. Hans Hadow. 
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orifice just alluded to ; while iu Gestracion it does so at a point 
situated lineally with this below. 

That the spiral valve performs an absorptive function can 
hardly be doubted after the investigations of Edinger (9. p. 678) 
into its histological structure. That segment of the intestine 
which bears it comes thus to represent most nearly the ileum f 
of the higher Vertebrata; and, inasmuch as the valve may extend 
back to the point of origin of the “ duct” of the appendix digiti- 
formis fig. 14), that portion of the gut lying immediately in 
front of the latter can conseqnently be most satisfactorily com- 
pared only with the small intestine. The application to it of 
the term “ rectum ” is no longer justifiable ; and the above facts 
warrant tiie restriction of the term “ large intestine ” to so much 
of the gut as is situated behind the duct referred to (= that 
portion embraced by the lines radiating from id. in fig. 1). If 
this he admitted, the comparison, before instituted {ante^ p. 394), 
between the appendix digitiformis and its duct and the appendix 
vermiformis and csecum, becomes vastly strengthened, and these 
two sets of structures may justly be alike regarded as median 
diverticula of the antero-dorsal extremity of the large intestine* 

Parker’s researches show (26), when looked at critically, that 
the spiral valve varies, among Elasmobrancbs generally, in 
nothing more conspicuously than in its degree of abbreviation 
from behind forwards. The belief in the primitive characters of 
the living Notidanidm is becoming more and more Justifiable 
from the researches of paleontologists J ] and we may therefore 
attach a special importance to the great development of the 
spiral valve in JSeptanchuB (ef. ante)., as it fmmishes us with a 
condition from which, so far at any rate as backward extension 

^ Such does not appear to be tlie case in the allied CMamydoaelache. Oj\ 
G-arman (10) and G-lmther (11). 

t Home alluded to it (15. p. 691) as the ‘‘jejunum.^’ It is exceedingly 
unfortunate that in students’ books current it should be spoken of as the 
‘'colon” (Marshall and Hurst’s ‘Junior Course iu Practical Zoology,’ ed. 2, 
18S8, p. 219). 

i Of. A. S. Woodward, P. Z. 8. 1886, pp. 218-224, and Ceol. Mag. dec. iii. 
pt. iii. 1886, pp. 205 et seq, ■ 

Haswell has still further emphasized the belief, in Ms proposal (Trans. Linn. 
Soc. N. S. W. vol. ix. |)t. i. p. 44, 1884) to subdivide the Selaehoidei, in accord- 
ance with the great diversities in their skeletal anatomy, into the two suborders 
of the Paimselachii {Wotidmiidcs) and MoselacMi. 

It is worthy of remark that the spiracular giU of these Sharks, although a 
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is concerned, there may be derived that met with in all other 
living Flar/iosiomi. 

It remains now to consider, more closely tliaii heretofore, the 
differences and resemblances betw^ceu the appendix digit iformis 
and its duet ” and those structures to which the terms caiciim 
coli and appendix vermiformis have been applied. The appendix 
digitiformis lies to the left side of the valved intestine, as pointed 
out by Blanchard (2. p. 190) % and its apex is, in tlie adult, 
usually directed towards the animaTs right. Examination of it 
in relation to the lumen of the gut shows it to be, however, a 
derivative of the mid-dorsal intestinal wall. On opening the 
body-cavity from the ventral aspect in the Common Skate, the 
structure in question is seen to occupy the interspace between 
the pyloric sac of the stomach and the adjacent intestine, and to 
be disposed lineally with the former. Anteriorly it is received 
into a notch in the posterior border of the pancreas. Such may 
be the disposition of the csecum among certain of tlie higher 
Vertebrata, and in Uma and Laoerta that organ, if examined 
with sufficient care, may generally be found to lie at or towards 
the side t. 

The appendix digitiformis audits duct ” are, like the appendix 
vermiformis and csecum coli, extremely variable in development 
in even allied forms t. Tigs, 8 to 14 represent the former in 


pseudobniiich '' as recently defined by 8ageuiahl (Morj)bol. Jalirb. t x. IS8D, 
p. 113), lias just been shown by Yirchow (Verhaucll. d. physiol. Glesellsch. 
Berlin, IdSD-yO [Areliiv. f. Aiiat. u. Bbys., Phys. Abth. 1890, pp. 170 and 178 
et to differ from that of all other Chondrichtbyes in having the essential 

structare and the capillary networks of a true dcuiibranch ; and. it is diffionlt 
to believe, in view of his researches, that it can be other than respiratory in 
function. 

* In Lremargus this is so markedly the case that the suspensory motieniery 
of the gland shifts its position, and becomes attached obliquely across the 
an tero -dorsal moiety of the same. 

i* This fact would appear to account for the representation of the same as a 
diverticulnra of the ventral wall of the gut (cf. liana [Marshall, 22. p. 27 ^ 
lig, 5] and Am 2 )hishmia [Bedriaga, 1 . pi. iv. fig. 2]). 

f Blanchard has directed attention to this (2. p. 182) so far as the appendix 
fligitifonnis is concerned. He gives as the mimmiun length observed 0*8 centim. 
{CMosci/U'mm plagiosmi, length of body not stated). In a (I mellakmb of 
40 eentim., recently captured by my friend Prof. A. C. Hadden in the Torres 
Straits, and by him generously placed at my disposal, the gland measures 
•0*6 centkn. 
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typical examples, drawn to the same scale relative to the trans- 
verse diameter of the base of the adjacent intestine (a — /3 of PL II. 
fig. 14). These structures show, so far as I have been able to 
ascertain, little sign of individual variation : the first noticeable 
features concerning them are (i.) that the length of the duct bears 
little or no proportion to either the length or bulk of the gland — 
the latter is most massive in L(B7nargm fig. 10), where the 
duct (dv) is shortest ; and (ii.) that the maximmn attenuation of 
the gland is not accompanied by that of the duct (cf. AcantMas, 
fig. 13, and JV'otidcmus, fig. 14). This “ duct ” has been pre- 
viously best described by Home and Blanchard. The last- 
named author regards it (Accmthias, 2. p. 182) as a duplicature 
of the intestinal mucous membrane. It is more or less B}arked 
in all the Belaclioidei which I have been able to examine ; and it 
will be seen from the accompanying figures that it attains its 
greatest attenuation in Afotidaniis (fig. 14) ; between tlie con- 
ditions exemplified in this genus and in Lcemargus (fig. 10), 
taken as extreme terms in the series, gradational types present 
themselves in SogUium^ Gestracion^ and AcantMas (figs. 11, 12, 
13). On examination of these, the duct in question (dv') might 
readily appear to have been formed by a downward extension of 
a simple fold of the intestinal wall, such as that of Lcemargus 
(fig. 10). Lcemargus is remarkable for the possession of the 
most aberrant type of intestinal canal met with in living Pla- 
giostomes. Its duodenal segment is, unlike that of all other 
Eiasmobranchs, tubular and fiexed, and the bearer of a couple 
of enormous diverticula which Turner has (31. p. 245) compared 
to the pyloric egeca of the Osteiclitliyes ; its ap 2 )enclix digitiformis 
(fig. 10) is the most massive that has yet been observed ; and, in 
view of the facts just named, it becomes doubtful whether that 
structure may not be in a much modified condition. 

In the Batoidei the processus digitiformis communicates with 
the intestine hy a short non-constricted passage {dv\ fig, 1), 
little suggestive of the duct ” of the Selachoids. Monro has 
already figured this in Baia t, and I find an identical condition 
in Torpedo^ Trygon^ and the rare Mypnos sulnigrim. Com- 
parison of figs. 1 and 3 at once suggests an homology between 

^ He naively likened the apparatus (15. p. 392 [a. n, 1814]) “to the ink- 
bag in the Outtle-fishes ” {of. his 18. pL xcviii.). 

t 23. pi. ix. fig. 2. 

IjISS. JOUBIT.— zoology, VOL. XXIII. 28 
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this passage (which is in reality a wide fumic4-shaped prolonga- 
tion of the gut) Jind the cmcnin coli of the higher Verfcebrata. 
Comparison of PL II. figs. 9 to 14 shows immistahahly that that 
prolongation (he its original significance what it may) has become 
converted hy constriction into the “ duct ” of the processus 
digitiformis of the Sharks : and suggests that the Batoichi in all 
probability retain a more primitive condition thereof than do the 
8eIaclioidei of to-day. Attenuation of the “ duct ” has been seen 
{ante, p. 397) to be most marked in JSfotklanuH {(lv\ fig. 14). 
Thanks to the generosity of Prof, Huxley, I have been enabled 
to examine a foetal Notidmms measuring 15 centiin. in total 
length. In it the duct is much shorter and relatively wider than 
in the adult, and in no ivay bound down to the intestinal wall ; 
it stands out from this in the maimer indicated in fig. S {Zygmm 
■malleufi). In Zyymna this condition is retained ; and it will be 
observed that it is just such as would result from elongation of 
the intestinal diverticulum of Baia (fig, 9) with accompanying 
constriction. Syttatina {{[Bliina], fig. 15) is, in respect to this 
constriction, transitional between Baia and Zygcena, That the 
Selaolioiiei, in which this structure becomes most modified, pass 
through a stage such as is here represented is clear from the 
condition of the young Notidanid; and in the absence of further 
embryological data I can only conclude that the Batoidei do 
present us with the least modified condition of the parts, and 
that the cluct-like base of the appendix digitiformis seen in them 
is the representative of a structure closely comparable to, if not 
homologous with, the ctecum coli. "Whether that poxHon of tin’s 
duct ” which, in the ^ehiehoidei, skirts tlie wall of the gut is a 
superadded passage formed from behind hy a duplicature of the 
mucous membrane, tis Blanchard supposes (2. p. 182), has yet 
to be proved j from the facts herein recorded, I incline to tlie 
belief that it is not, but that the apparent superaddition may have 
resulted from adhesion. 

The processus digitiformis is, as Diimeril has remarked (7. 
p. 158), “ a true secretory organ.” Its secretory glands have 
been compared by Ley dig ( 21 . p. 57) to those of Brunner, met 
with in the mammalian intestinal wall; and he calls attention to 
the “dirty yellow” nature of their product. Blanchard has 
attempted to institute (2. p. 181) comparisons between the secre- 

^ That alluded to by.hnu in P* 23. S. 1876, p. 44. 
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tion of tMs gland * and that o£ the “ anal or circuin-aiial glands 
of many higher animals ; ” and he accordingly proposes to term 
it the gla7idula mperanaUs ” (1. c. p. 182). To English students 
this structure is best known as the rectal gland.” Blanchard^s 
researches seem to point to its origin as an outgrowth of the 
hypoblastic gut; those structures which we commonly term 
“ rectal ” or anal ” glands, are associated with the terminal 
epidermal portion of the hind gut, and it is tolerably safe to 
conclude that from this they are developed. Proof that this is 
so does not appear to be at px'esent forthcoming ; but the facts 
to which I have alluded warrant the withdrawal of the term 
“ rectal gland ” in the case of the Flagiost07ni. 

The appendix digitiformis has been by Hyrti regarded (18. 
pp. 28-29) as accessory to the reproductive apparatus rather 
than to the alimentary. He based his assumption f upon the 
failure to find food-stuff within it, and upon a belief in its 
increase in size in animals whose oviducts contained eggs. I 
have examined a series of specimens of Baia and Miistehis having 
eggs and young in their oviducts, in vain, for confirmation of 
Hyrtl’s belief ; and confidence in the same is further shaken by 
the fact that his views fail to explain the presence of the organ 
in the male in a form indistinguishable from that of the female. 
Moreover, the course taken by its duct, and the fact that its 
secretion is discharged well forwards into the intestine, would 
appear to be irreconcilable with this view. In the fact that this 
organ is a secretory one, we have, in the long run, a further 
point of agreement with the esecum coli and appendix vermi- 
formxs. The fact that the latter becomes an adenoid in its most 
highly diff’erentiated form, while the processus digitiformis is not 
known to be thus constituted t, would appear to be of minor 
siguiffcaiice, by analogy with "Weldon’s discovery (82. p. 176) that 

^ On p. 181 ot. bis , pamphlet, Blanchard attributes to Milue-Eclwards 
(Anat. efc Phys. Oomp. t. vii. pp. 826, 382) the belief that this stnietiire 
represents a special urinary bladder.” M. Milne-Ed wards makes (*‘ in seinem 
trefflichen Lehrbuch ” [Blanchard, 1 1 '.]) no such statement ; he' alludes not to 
the appendix digitiformis, bub to the well-known urinary receptacle, which I' 
have elsewhere proposed to term the Wolffian bladder ( Journ. Anat. & Phys. 
voL xxiv. [n. s. voL iv.] p. 408, 1890). 

t Blanchard (I, e.) appears to have been unaware of this. 

I Migratory leucocytes have been observed in the cloacal epithelium ” of 
Eaia^ Torpedo, and Squatina (last, 1. H., “ Studien an Epithelien ” Archiv f. 
raikr. Anat. Bd. xxv. up, 264-268, 1885). 


28 * 
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tlie supra-reiuil body in the Iclithyopaida {^Bdellontonia) probably 
represents a iiietamorpliosed excretory blastema. 

I trust to liave shown in the foregoing that the appendix 
digit ifor 111 is and its related conduit correspond, in fundameiital 
relationship, with the appendix veraiiforiuis and ctecum coli ; 
and I think it not improbable that in the former, as represented 
in the Batoidei {cf, ante, p. 898), we may be dealing with the 
latter in tlieir original form. It is a curious fact that Monro, in 
his classical work on Fishes, referred to the appendix digitiformis 
on one page (23. p. 84) as the '■'* appendix vermiformis ” and on 
another (p. 92) as the cmcinn ; wdiile Wiedersheim, com- 
inentiiig (33. p. 565) on the size and character of the cajciiin coli 
of AmpJiishcena has incidentally likened it to the appendix 
digitiformis of the Selachii. I would go farther, and openly 
declare a belief in homology between the two sets of structures 
as defined by myself (p. 394) until proof to the contrary, more 
conclusive than that which is at present forthcoming t, shall 
have been brought forward. 

IV. On the Omeim of the TeleoeteL 

It is customary in text-books to deny the existence of a c®cinu 
among the Teleosteau fishes. Such an organ was, however, 
accorded them by Home in 1814 (^corjpmia [15. p. 389, 16. 
pL xcii.]) ; Eathke, ten years later, described f a c^ccum in O^clo- 
ptems (*^ See Hase”) and Trivia hjra^ while Cuvier and Valen- 
ciennes accredited the sau^e (5. p. 354) to Box in 1830. 

* On examination oi‘ this in Lcirklostertion, Bhauftf, PaAycalaxHJS, and 
^brifkidmia (alha,fHH<jmo6ii, and danvitiU), I tail to sec anything mueli in 
advance of the ordinary baccrtilian type. 

t The danger of drawing comparisons from the histological struuiiirc of the 
aiiincntaiy inueoiis membrane alone is greatly increased by the cliBco\'ei7 of 
thickly set Peyer’s patches in the large intestine and reel mu auioug Eodents, 
Tnaectivores (Dobson, Journ. Anat. k Phys. vol. xviii. pp. 388-31)2, 1884), 
and Apes iHaixdmiir, Beddard, P. 25. 8. 1884, p. 3ilo). A siniilar caution 
is necessitated by Webers description of racemose siuloriforous glands in the 
('• Stndien fiber baugetluere,” Bin Beitrag zur Frage u. cl. Ur- 
spuiig d. Cetaceen, pp. 14-18, Jena, 1886). 

29. pp. 80, 81 . He also attributed to Polpjjferuii a ciccum, with the com- 
ment wen ich micU richt erinnere.” There can now be little doubt that Joh. 
Miiher was right in subsequently regarding this (‘ Ban u. Grenzen der Qanoiclenf 
p. 23) as a pyloric cajcuni ; for, among Teleostei, the caeca pylori may be 
reduced {AnuHodpteis, ef. Eathke, 29. p. 87) to a single representative. 
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The terminal portion of the intestine in these fishes exhibits, 
as a general rule, an increase in calibre and distensibiiity over 
the rest, and at itsS point of differentiation there is usiiaily 
present, in the adult, a well-defined valve {cf. Cuvier and Yalen- 
ciennes, 4. p. 502) which clearly suggests the ileo-colic valve * 
of the higher Yertebrata. 

The c 0 ecal diverticulum, when present, overhangs this ; and? 
although it never attains a considerable development, comparison 
with the other Ichthyopsida and the Eeptilia leaves little room 
for doubting that it represents those derivatives of the gut which 
I have attempted to liomoiogize in the preceding part of this 
paper. Having accumulated some notes upon the same in those 
genera heibre referred to which I have been able to examine, I 
here tender them for what they may he worth. 

Tpigla gum ardus. The ileo-colic valve is, in the adult, exceed- 
ingly Vv'ell marked — so much so that it reduces the ileo-colic 
aperture to a minute perforation. The large iutestiiie exhibits 
but a small increase in calibre as compared with the ileum; and 
there is consequently no trace, in the adult of this species, of an 
overhanging lobe or cmciim. I have observed, however, in a 
young specimen of 16i ceiitim. iu length, a perceptible enlargement 
of the autero-dorsal extremity of this viscus, suggestive of the 
small cceeuin of the Frog {dv\ fig. 8). 

GgoJo^pterus lumpiis, I am unable to confirm Eathke^s state- 
ment eoiieeriiing the presence of a Ciecum in the adult of this 
species. The ileum enters the large intestine antero-ventrally 
{ef. PL II. fig. 17) ; the increase in calibre of the latter is well 
marked, and there is developed a highly efficient and flap-like ileo- 
colic valve. In the young animal, however, the conditions may he 
otherwise. I have examined two juveniles of this species f. 
The intestine appeared, in them, when looked at externally, to be 
destitute of a meeimi ; wdien opened from the side, care being 
taken to avoid unnecessary displacement of the gut, the ileo- 
colic aperture was seen to be situated ventrally (fig. 17) and, in 
one of the two, comparatively far back. The ileo-colic valve 

^ It is very regrettable that this should be so frequently referred to, alihe iu 
original monographs and text-boobs of both anatomy and physiology, as the 
ileo-cmcal valve. Huxley has long since shown this term to be expressive of an 
error of observation in fimdamentals (see Parker, P. Z. S. 1881, p. 625). 

t Thanks to Prof. McIntosh, F.E).S., and my pupil Mr. E. W. L. Holt. 
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was represented by the tumid and inpushed base of the ileum, 
and from that it would appear to be, in all probability, deriyed. 
A line drawn vertically through the same (a—/-] of fig. 17, PI. II.) 
passes behind an overhanging lobe of the large intestine — the 
caecum (Ji;'). Curiously enough no such enlargement was to be 
seen in the second specimen; and the question naturally arises 
whether, after all, the differences between it and the other one 
may not have been due either to over-distension in the one case 
or over-contraction in the other. Eurtlier investigation can 
alone settle this matter ; but it is interesting to point out that a 
precisely similar difficulty arises in relation to the alleged dis- 
covery, by Perrault of a caecum in Salammidra. 

Box mhlgaris^. Cuvier and Valenciennes state of the in- 
testine of this fish (5. p. 354) arrive dans la partie moyenne du 
ventre, il se dilate subitement et donne meme une sorte du petit 
csecum tres-coiirt a Porigine du rectum, qui se rctrecit bientbt et 
se rend a Panus.'’ This “ csecum ” is, in this fish, unmistakable 
and well marked externally, and it lies to the left side {ch\ fig. 16). 
The stomach of this species is remarkable for the characters of 
its pyloric sac; that fig. 17) instead of being short and 
swollen, as is so generally the case among the Teleostei, is 
elongated and tubular. The cardiac gastric sac (stL) is con- 
stricted at its middle and, with the base of the stomach, prolonged 
hack into a crescentric diverticulum, into the concave border 
of which the head of the large intestine (^./.) is received. On dis- 
section of this fish from the side, the air-bladder is seen to be 
greatly enlarged ; its posterior moiety tapers off much less sud- 
denly than usual, and it, together with the greatly developed fat 
masses, obliterates for the most part tlie posterior two thirds of 
the coelom. The cacum, when examined witli sufficient care, is 
seen to be situated dorso-kterally rather than laterally, tuid to 
occupy a position which points very strongly to the conclusion 
that it and the immediately related intestinal wall have 
undergone a displacement (in mutual adaptation to the sur- 
rounding organs) of a precisely similar nature to that affecting 

^ 'Mem. pour servir a Thist. imt. des Animaux,’ 3® partie, pL 16, p. 481. 
(Cy. IHilu e-Edwards, Le^ous s. 1. Phya. et I’Anafc. Comp. t. yi. p. 354.) 

t I have to thank Dr, Gimlher, Tor a well-preserved specimen of 

this ilsh. 

CuYier and Yalenciennes describe (5. p. 364) two cccca in salpa, I regret 
haying been unable to procure an individual of this species. 
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the caecum coli and appendix digitiformis of certain other 
Vertebrata (ef, ante, p. 896). 

All ileo-colic valve is not differentiated. 


It may be urged, against my belief in an homology between 
the above-described ciecum of the Teleostei and the cseeum coli 
of the higher Yertebrata, that the intestinal (ileo-colic) valve of 
the former appears to lie within the area of the so-called spiral 
valve of the Clupeoid GMrocentrus'^ and of the annul ations of 
the intestinal mucous membrane in the Saimonida^ and other 
Teleostei {qf\ Eathke, 29. pp. 62 et seq.)> lu Ghirocentms the 
prevalvular gut is short, and the intestine passes to the exterior 
without convolution. In the Salmonidse the prevalvular gut is 
elongated and bent upon itself. Huxley, writing on this sub- 
ject, says (1. c. p. 138) : — “ I am inclined to believe that the 
circular valve which separates the colon from the rectum in the 
Smelt is merely a last remainder of the spiral valve ” (of the 
Ganoids and Ghirocentriis), This valve occupies in the Smelt 
precisely the position of that which I have been led to compare 
(ante, p. 401), in other Teleostei alluded to, with the ileo-colic 
valve of the higher Yertebrata. Assuming, for the moment, that 
the annnlated segment of the gut in the Trout and Salmon and 
the post-valvular portion in the Smelt are homologous, and repre- 
sentative of the large intestine of other Teleostei, examination of 
these in the order named might, at first sight, appear to show 
evidence of a gradual diminution in length in passing from the 
former to the latter. Eathke, six-and-thirty years ago, drew 
attention (L c.) to the fact that in the Salmonidm the annular folds 
alluded to are susceptible to great variation and difference with 
age. He, nevexTheless, regarded them as restricted to the 
rectum. If the lining membrane of the Smelt’s intestine be care- 
fully examined it xvill be found to be produced into a very 
obvious series of creniilated annular folds, throughout the area 
occupied by the more definite series of the Salmon and Trout. 
The valve to which Huxley alludes, and which I regard as the 
probable liomologue of the ileo-colic valve, lies within an inter- 
rupted area in this series— in the Salmon and Trout it is absent. 

* Cuvier and Valenciennes, * Hist. nat. des Poissons/ t. xix. p. 151, pi. 565. 
Gf. Huxley, P. 2. S. 1883, p. 138. 
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111 view of tlie constancy of this valve, and of its relation ships 
previously referred to, as compared with the variability of the 
annular folds, I am decidedly of opinion that, if the homology be- 
tween the latter in the Smelt and Salmoniclai named be admitted, 
that segment of the gut which bears them must represent somo- 
tliing more than the large intestine, as I have dehiied it — where- 
upon the post-valvular portion of the Smelt’s intestine and the 
annulated segment of that of the Salmon and Trout would appear 
to be nou-honiologoiis. In face of these facts and considerations, 
the conditions in Cliirocej^ims become most perplexiiig. On 
comparison with the Elasmobraiiclis, its valved intestine might 
represent tliat which I regard, in them, as the small intestine — 
in which ease the large intestine would appear to be absent and 
the gut, taken as a whole, to be less modified than that of even 
the Ganoids. On the other hand, comparison with the Salmon 
would appear to show (if the annulated segment of the gut of 
that fish should have the value which Eathke attached to it) that 
the valved gut in Cliiroeeutriis might represent the large intestine 
as defined by myself. : , 

That, ill seeking to establish hopiologies, too much importance 
must not be attached to the mere presence or absence of an 
intestinal spiral valve in the Teleostei, is clear, from the differ- 
entiation of a like structure in the oesophagus of CJmnos and 
of an essentially similar one in tliat of the MarsipohmncJni t* I 
have attempted to show (ante, p. 395) that the large intestine is, 
in the Piagiostomes, w^ell marked though short. The appendix 
digitiformis is smallest where situated furthest back ; and in the 
young of those forms which I have been able to examine (Scj/l- 
limn, Mustelm, Acmitliias, SepfaneJms) it is situated fui’thc^r 
forwards tlian in the adult, Wg have thus a suggestion of 
reduction proportionate to a shortening up of that which I 
regard as the large intestine ; a further extension of such a 
process (be it at work) would give us the condition met with in 
the Ganoids and CJiirocejitncs (supposing the resemblances 
between the intestine of this fish and that of the Piagiostomes to 

* CiiTici: and Valenciennes (6. }). 185). 

t Q-llnther describes this (' Introduction 'to the Study of Fishes,’ p. 128) as 
consisting of “nuineroiis longitudinal folds.” They are oblique and more 
nearly ovoiclal. Parker has shown (26) tlmt the particular cliaracters in the 
“pitch” and mode of disposition of such “valves” are matters of no morpho- 
logical significance (of. his pi. 10. figs, i and 4, and pi 11. figs. (> and 8). 
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"be indicatiTe of lioinological relationship) ; the converse process 
would tend towards that of the majority of the Teleostei and of 
the higher Ichth^^opsida "h 

If this comparison should stand the test of future investi- 
gation, the folds of the intestinal mucous meiuhrane in Ohiro- 
ee7itrus and the Salmo^iidcd will be non-hoinologous. To deny 
that the large intestine of the majority of the Teleostei, as herein 
defined, represents that of the higher Tertebrata, wonlclbe,in the 
present state of our hnowledge, to imply tliat the coiiiparatiYe 
method upon w^hich our Eundameiital couceptions in morphology 
are based is uiitrust’yorthy. 

The large intestine remains comparatively short through- 
out the lehthyopsida, the Sauropsida, and the lower Mam- 
malia,* it is not until an ascending term iu the Mammalian 
series is reached that it shows signs of clear differentiation into 
the colon and rectum so well known among the higher repre- 
sentatives of the same. That the CiBCuin coli, however, not only 

Owen and Hyrtl have long ago described in l^roiufierus a median 
diverticulum of the antero-dorsal wall of the cloaca, believed by them to 
represent the urinary bladder. Parker has recently overthrown their inter- 
pretation, and proposed (28. p. 14) to term the organ the acmtin chaece— 
comparing it with the Piagiostorae’s appendix digitifonnis ; his proposal receives 
a special interest from tlie fact that Cthnther has described the appendix digit! 
formis of Cldawijihmkiche (11. ]3. 11) as ‘‘a globular glandular body of the size 
of a large pen,” which “ lies dorsad of the cloaca, into which it discharges its 
secretion by a short duet” — a condition unknown in any other Plagiostorne. 
Ghirman, on the other hand, speaks of it ( 10 . p. 20) as *‘ a ctecal pouch be- 
hind the (spiral) valve.” 

I arn indebted to my friend Mr. Q-. A. Boulenger for the opportunity of 
examining the parts in question in this Japanese Shark. Dr. Giliitlier does 
not state exactly iu what somse he uses the term “cloaca”; if by this we are 
to uucler.'ala.ncl ihat portion of the gut situated posteriorly to the anal and 
urino-genital orifices, Garmans description in perfectly correct. The duet 
of the processus digitiformis is short and, like that of other Selnchii, forwardly 
directed; it opens but a short distance in front of the anus and much nearer 
the same than in any other Plagiostome -which I have examined. The whole 
condition of the yjarts related favours the belief in the shortening uj) of the 
large intestine arrived at above, and that, is strengthened by the insignificant 
size of the cloaca., which would appear to have been involved in the process. 

Parker’s emeum cloaca' opens directly backwards by a wide aperture ; it is 
present in both sexes, and it might conceivably represent the conduit at least 
of the Batoid processus digitiformis {cU\ fig. 1) in a, much modified form. 
It appears to me, however, to most nearly recall that diverticulum in the 
female Chimmroid which Hyrtl termed (Sitzb. Wien. Almd, Bd. xi. 1858, pp. 1085 
”86) the “ Msiada seminaUs” and the absence of a corresponding vesicle in 
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exists ia the class Pisces, but is present, in a low order of the 
same, in that which may probably prove to be its original form, 
I fully believe. Moreover, the facts go to show that in certain 
Teleostei Oi/oloj^feo'us) the small esDciim may possibly dis- 

appear as the intestine increases in convolution ; and it therefore 
becomes a matter of interest to inquire whether the first-named 
structure may not he more generally I’epresented in at least the 
young of that order. 

V. In Conclusion. 

The deductions which I have drawn are based chiefly upon 
facts arising out of a comparison of leading blood-vessels ; and I 
fully anticipate that it will be doubted whether these are to be 
trusted, to the extent claimed, as guides to homology. Precedent 
might be cited to suggest that they are not — the recent investi- 
gations of Boas (3) and Zinimermann (34) into the aortic 
arches, of Hocbstetter (12) into the post-caval and azygos veins, 
and of Parker (27) into the lateral epigastric veins, justify the 
belief that they are. Objections may be here raised on the 
ground that the great vessels just named do not undergo 
variation such as do those of the intestinal series upon which 
I am relying. Against this tliere must be set the fact (which, so 
far as I can ascertain, has escaped notice) that the fifth aortic 
arch, which Boas has so successfully shown (3 et ojp. cit.) to be 
present between the aorta and the pulmonary arl'ery of the 
Brodeles, may be {Balmnamlra) either absent on one or both 
sides or, wdien present, variable between the condition of a 
widely open tube and tbafc of a vestigial cord of insignificant 
proportions 

tlie male Chimmroid is an obstacle in tlie way oi‘ a belief’ in its lioniologT 
with the processus digitiCormis of the Plagiost.oiue. 

G-uiither has described (Phil. Trans. 1871, part ii. pp. olCbriT) the gcnilal. 
ducts of CeratodmiiB opening, togetJier with the ureters, in to a " urinal cloaca f 
and the latter would appear, at first sight, to answer to the cffieuui cloacro of 
Irotojjferas, I have not been able to examine the male Oemtodm, but I iliinlc 
it tolerably certain, on examination of the femalo, that Parker’s “ Ciuciun. 
cloacae ’’and Giiiiiher’s “urinal cloaca” will prove to be distinct in origin, and 
that tlie latter will be found to represent that portion of the EhiBmobranch’s 
cloaca which I herein term {ante, p. 383) tlic “ oviducal recess ” {cV'\ PL I. 
fig. 1). Indeed this has been, in a sense, already anticipated by Giinther, who 
refers to the sac on one page Q. c. p. 546) as “ a dorsal clivertirie of the rectum,’’ 
and on the next (p. 647), in somewhat contradictory terniB, as *' the cloaeal 
dilatation 
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There is indicated in the eoneludiiig sentence of the preceding 
section one of the next steps in this inquiry; others lead to a 
farther investigation into the histology and development of the 
appendix digitiformis, and to a study of the comparative histology 
of those structures to which the terms cgeciiui coli ” and 
‘^appendix veriiiiformis have been applied. Upon these I 
propose to enter on a future occasion. 

YL List of leading Authorities referred to, 

1. Bedbiaga, J. V. — Amphisbmia cinerea,’' Archiv f. Naturgesch. 

Bd. 50. pp. 23-77. 1884. 

2. Blanchard, li. — “ Ueb. d. Ban u. d. Entwickiung d. sogenannten 

fingerformigen Driise b. d. Knorpelhseheii/’ Mittheilungen a. d. 
Embryolog. Instit. Wien, Heft iii. pp. 179-19/. 1878-79. 

3. Boas, J. E. v. — “ Ueber die Arterienbogeii der Wirbeithieref’ 

Morph. Jahrb. Bd. xiii. pp. 115-118. 1888. 
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Paris, T. i., 1865. 
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d. Venensyst. der Amphibien unci Fische,” Morph. Jahrb. vol. 
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17 . Hyrtl, J. — “ Das arterielle Gefasssystem d. Monotremen/’ Denkschr. 

d. kais. Akad. d. Wissenseh. Wien, Bd. v. pp. 1-20. 1853. 

18. Hyrtl, j. — “D as art. Gefasssystem d. Rochen/’ Ibid. Bd- xv. 

pp. 1-36. 1858. 
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24. Owen, R. — Article Alonotremata,’’ Todd’s Encyelopanlia of Anat. 

and Plivs. voL iii. p]). 366—107. 1839-1847. 

25. Owen, R.— Comp, Anat. and Phys. of Vertebrates. Yol. iii. 

1868. 

26. Parker, T. J. — On the Intestinal Spinal Valve in the Genus 

If awe,” Trans. Zool Soc. Loud. vol. xi. partii. pp. 49-61, 1880. 

27. Parker, T. On the Blood-vessels of Mustelm untarcliciis/^ 

Phil. Trans, vol 1/7, part ii, pp. 685-732. 1886. 

28. Parker, W, N. — Zur Anat. u. Phys. v. Protoptenis annectenSi^ 

Bericlite d, Naturforscheiul Gesellsch. Freiburg i. B., Bd. iv. Ileft 3, 

pp. 1-26. 1889. 

29. RathivE, 1L — Ueb. d. Darrakanal u. d. Zeugungsorgane tier Fische. 

Halle, 1824. 
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,VII. EXPLANATION OF THE PLATES. 

Figs. 1, 3, 4, 5, and 6, and figs. 7, i. to v. arc drawn to the same sca,le in 
order to facilitate compariaon the dorsal aorta (ao.) is, in all but: 7, iii. iv. y., 
delineated up to the point of origin of the iliac arteries. Only vessels of the 
pfeeauclal median-intestinal series are indicated ; all others ai*o intent-iounlly 
omitted. 
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Figs. 8 to 14 are drawn to the same natural size, proportionate to the trans- 
verse diameter of the base of the valvecl intestine. 

Plate I. 

Fig. 1. liaia dcwata^ adult J . The cloaca and terminal portion of the 
intestinal canal, with related arteries, dissected from the side, after 
injection with French blue. nat. size. 

2. Pl. clamta. To sliow the origin and relationships of the paired cloacal 

arteries. | nat. size. 

3. Pana fm-jicrarm, A similar dissection to' fig. 1. The ai-teries 

represented are a combination of those observed for four indi- 
viduals referred to in the text. X 2. 

4. Rana teyiipomria, To show the base of the inferior mesenteric 

artery, in an individual specimen described in the text, x 2. 
o. Rakiriiandra maculosa, J Comparison dissection to figs, 1 & 3. X 2. 
(). Salamandm maculosa, showing two inferior meseiiteiic trunks. 
X 2. 

7, To represent the dorsal aorta and the origin of the cieliac and mesen- 
teric arteries in relation to the same iii — i. Salamandra avuculosu ; 

ii. Ikim dam Mustdus antarctic us (after Parker [37]); iv. 
ScjjUiimi caniGiiIa ; v. Aeanthh^ vulgaris. 


Plate II. 

Fig. S. The appendix digitiformis, with its related paits, in median longitu- 
dinal section, in ZggcBna malleus. 

9. The same, in Ilaia clamta, 

10. The same, in Lmnargm horealis, 

11. The same, in SegUium cankiila. 

12. The same, in Ccstradon- phlUppi. 

13. The same, in Acanthm vulgads. 

14-. Tlie same, together with a portion of the valvecl intestine, in JSotidamcs 
(Heptanchus) cmercus. 

15. The same, in Bhlna squafma \ external view. Hat. size. 

.1(1 The cjcciim and adjacent portions of the alimentary viscera, in Bckv 
vulgaris, X 2. 

17. The head of tlie large intestine ol' Cgdopicfus iumpus (juv.), as seen* 
from the right side. X 2. 


Reference letters. 

a.G. Omiiae artery. 
a.cd. Caudal artery# 
a.cn. Ccehaeo-mesenteric artery. 
a.g. G-enital (ovarian) arteries. 
a.L Iliac arteries* 
arm. Inferior mesenteric arteries. 
ao. Dorsal aorta. 
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a.r. Posterior renal arteries. 
hi'. Allantoic bladder. 
hV\ Orifice ol‘ the same. 
cV. Cloaca. 

aV\ Epidermal portion ot* the same. 
cV". 0\iducal recess of the same. 
di)\ Cfficum coli (or its probable homologue). 
di)'\ Appendix digitiforinis. 
f. Longitudinal fold in roof of large intestine. 
i.L Large intestine. 
is. Small intestine. 
ocV, Left oviduct. 
od". Bight oviduct. 
p. Pelvic girdle. 
sti Stomach, cardio.c sac. 
sdi Stomach, pyloric sac. 

D.u Intestinal (spiral) valve. 
vAg, Ileo-colic valve. 


On the Tongues of the British Hvmenoptera Anthophila. 

Bj Bbwaet) Sahndees, F.L.S., E.E.S. 

[Bead 17th April, 1890.] 

(Plates III.-X.) 

In Vol.XVII. of this Journal Mr. Travers J. Briant has ably 
described the tongue of A]}is mellifica and its anatomy, and I 
purpose in this paper to give descriptions of this organ in other 
British genera of Hynienoptera Anthopliila, accompanied with 
figures carefully drawn from slides prepared by Mr. Bnock, 
whose skill in this direction is well known. At the present time 
I know of no figures that, in any way, give an idea of the beauty 
and complexity of structure which characterize the diftereiit 
genera. The number and proportionate lengths of the joints of 
the palpi and tlie general form of the so-called lingua have been 
the only characters usually selected for generic determination, 
whereas the foxmi of the lora^ scales of the maxilhe^ 

and paraglossm afford additional characters quite as important, 
as will be seen by the accompanying Plates. As a general 
result from the study of these organs, it would appear that 
there is a gradual modification of form from the short bifid 
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tongue of tlie OhtimUngues to tiie long iiliforiii one of the higher 
Apidm ; that the lora or ^-shaped hinge by ^vhicli the iiientum 
and lingua can be projected is more developed in the higher 
geiieraj and accordingly allows of greater play for those organs ; 
that the basal joints of the labial palpi are fiatteiied and sheath- 
lihe in the higher genera, so as to form a protection for the base 
of the tongue ; and that the paraglossse also tend, in these genera, 
to take a sheath-like form. In the early genera the lora can 
scarcely be said to exist detinitely at all, the membrane between 
the cardines being merely chitinized towards the apex and raised 
so as to form an arch which acts as a hinge ; in Halictus^ 
Spliecodes, &c. even this is absent (see descriptions of those 
genera). There appears to be a regular progression in develop- 
ment, but this progression is arrested here and there by certam 
genera which seem to defy one to find a proper place for them. 
Such a genus is Eopldtes. It has the labial palpi of the higher 
Apidse, paraglossje quite unlike in form to those of any other 
genus, no definite lora, in this respect resembling Sp^Jiecodes and 
SaUctii6‘, to which latter genus it gz'eatly assimilates in general 
appearance, and a tongue as long as that of any of the Apidie. 
Femurgus, again, is quite aberrant and difficult to localize in any 
arrangement, as, apart from its lingual peculiarities, its genital 
armature is quite unlike that of any of the genera that could be 
considered allied to it. These special features, however, will be 
described more fully under each genus- 

The cibarial apparatus in all the genera is arranged on the 
same general phni as in Apis^ but varies very considerably in its 
details, both as to the shape and the relative proportions of its 
component parts, and it is on the characters afforded by some of 
these variations that many of the different genera have been 
established, I propose here to give a general description of the 
apparatus, leaving the special features of each genus to be con- 
sidered further on. 

At the back of the head, behind the face, between the occipital 
foramen and the mandibles, is a deep wide groove, with abruptly 
truncate sides, which lie nearly parallel to each other; it is 
determined somewhat semicircularly at its basal or occipital end, 
i.e^ that nearest the juncture of the head and thorax, but is open 
at its apical end, except when closed by the mandibles folding 
across it. The floor of the groove is the posterior surface of the 
actual wall of the face. It is in tliis groove that the cibarial 
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apparatus lies folded when at resty and I shall here refer to it as 
the oral groove. Br gently pulling the apex of the tongue, the 
whole apparatus may he gradually unfolded, and it will then be 
seen that there is a inemhraiie investing the entire base of the 
apparatus and ciompletely eovering the oral groove ; this is best 
seen when the tongue is fully extended. On dissecting the head 
it aj)pears that this membrane is attached to the back of the 
clypeus on each side, whence it arclies downwards and forms 
wliat has nsnally been termed the liypopharynx, between which 
and the epipliarynx is a very small opening, and it is tlirough 
this opening only that there is ooininiinicatioii with the gnhi, 
except through the actual lingua itself. The ciharial apparatn>s 
may, iu fact, be eomparcci to a funuel-shapcd bag strengthened 
by various sclerites above and below (which also aid in its folding 
up), and prolonged at its apex into the semitiibular inentmn and 
iingiia. The arrangement of the various sclerites is as follows. 
I shall commence with those on the underside : — 

On the anterior edge (i. e. that lying furthest from the back of 
the head) of each of the trnncatui'es that bound the oral groove 
is an emargination, into which articulates an elongate joint, these 
joints are called the car dines ; each cardoh considerably widened 
at its apical end, and produced into two unequal processes. Oji 
these widened portions swing the lora^ and Ifom them depend 
the maccillcB^ each, of which consists of a sheath-like basal portiuii 
and a blade-like apex, between which on the external side the 
maxiUary palpus is insei’ted. The lora are two narrow joints 
united so as to form a y\-shaped body, from the angle of which is 
sus])ended the meutuin, Suc,; these can swing over on their feet 
which, rest on th(3 apices of the cardmes, and by this motion the 
tongue can be projected for twice the length of tlie They 
vary very iiiuch in tlieir length, and iu some of the genera of tlie 
short-tongued bees arc scarcely developed ; but in only four 
British genera are they actually wanting, viz. in IlaUetus and 
Bpliecocles^ and in JDvfotirea and liojddtes, in which there appear 
to be no traces of them, and, in fact, there appears to be nothing 
to correspond to them in their office of lengthening the tongue ; 
the membrane covering the space belw-een the cardines, which in 
the other genera is simple, is here ebitinized towards its centre 
into two straps, which are united to the su'bmentum at their 
apices. Iroin the angle of the lorn hangs the sulmentwm^ which 
varies considerably in shape ; although always more or less 
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Avidenecl towards tlie apex, it is sometimes quite sliort and 
trianguiar, at others many times longer than wide. It also 
varies in substance, in some genera being clear and hyaline, 
in others dark and opaque ; it is short and more or less hyaline 
in the early genera of the short-tongiied bees, and elongate 
in most of the true Apidse, and in the somewhat aberrant short- 
tongiied genera, such as Macropis, Cilissa, and Dasypocla ; 
whereas in JBanurgus again the short hyaline form shows itself, 
and in Bonibus^ PsUliprus^ aud Apis, although not hyaline, it 
is short and triangular. Beyond the submentum comes the 
mentum itself, which is brown, chitinons, and seinitnbular, and 
forms a supporting sheath for some of the softer parts of 
the apparatus to lie in ; above, it is sometimes strengthened 
by elongate sclerites, as in Megachile, Osmia, &c. ; it varies 
very little in form, being usually slightly narrowed and rounded 
at the base, truncate or produced into one or more lobes at 
the apex beneath ; from either side of the apex extends one 
of the labial palpi, and from between them the so-called lingua. 
JN’ear the base of the mentum on each side is attached a sclerite, 
which passes upwards between the maxillse and thence under the 
labrum, where it is abruptly angulated, its apex lying just at the 
side of the anterior edge of the oral groove, close to the einargi- 
nation into which the cardo articulates. These sclerites hold the 
upper part of the membranous bag expanded anteriorly when 
the tongue is extended. Huxley has called them “ the sclerites 
of the hypopharynx.” They are united to the maxilUn by the 
investing membrane, wdiich just at the point of union on either 
side gives rise to a sort of scale which is often fringed with 
bristle-like hairs ; these scales, which appear to exist in all our 
genera, although obsolete in Apis, seem to have been scarcely 
noticed by authors ; they are very much developed in Antkopkora 
and also in Megachile, Osmia, and their allies. Beyond. the basal 
ends of these sclerites, aud with their anterior extremities lying 
between them, are two others, which can only be seen when the 
clypens and face and the top of the oesophagus ai^e removed; 
they are what Huxley has called the sclerites in the wall of the 
oesophagus.’’ They converge posteriorly, and are somewhat 
hamate at their posterior ends ; the, membrane which lies between 
these forms the floor of the mouth. Anteriorly, this membrane 
is ehitinized, and forms what has been called thehypopharyngeal 
plate ; on this ehitinized portion, which is slightly concave, may be 
LIOT, JOUBX. — ZOOBOGX, YOB. XXIII. 29 
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observed various papilla>, wLich at first sight look like puiicturesj 
and on each side is a nipple-sliaped opening, throiigli wliicb tlie 
secretion from tlie salivary duct can pass. Beyond ibis cliiti- 
nized plate is the opening into the (nsopliagus. We will noiy 
proceed to consider the lingua, wliicb, as was stated above, 
extends beyond the mentum between tlie two labial palpi. The 
base of the lingua is ensheathed hy the two paraglossa^ ; these 
vary very much in form : as may be seen by a reference to the 
figures of the various genera, a ehitiuous baud extends across the 
base of the lingua in front, and terminates on eacli side below in 
a pointed process. The lingua varies much in form, from the 
short broad bifid organ of Golletes to the long narrow one of 
A^itliophora, In all the genera the surface is traversed by fine 
ridges set with bristly hairs. The base of the lingua in the 
higher Apida^ is really ensheathed by three sets of appendages : 
1st the maxillas, 2nd the labial palpi, 3rd the paraglossa) ; but 
in the sliort-tongued bees the labial palpi have no sheathing 
properties, all their joints being cylindrical. 

I do not here propose to give any description of the functions 
<&c. of the tongue, as these have been described by Mr. Bryant, 
and I have confined myself to describing the position and general 
form of its skeleton. For clearness’ sake I recapitulate the 
sclerites thus : — 

a, a. Car (lines articulated into an emargination in oral groove. 

b, b. Lora swinging on the dilated ends of the cardiiies. 

c, c. Ma(clll(B articulated to ends of cardines. 

(f. Scales of maivillce exserted from membrane at base of 
maxilla?. 

0 ^. Ma.villary pa^pi inserted, between ba^se and bladi* of 
maxilla?. 

d. Bubmentim attached to apex of lora. 

e. Mentum attached to apex of submentiim. 

e*". Labial palpi attached to apex of mentum laterally. 

1 Lingua attached to apex of mentum cent rally, 
f*^. Faragloss(B enshcatliing the base of the lingua, 
f**, Scleritie ring forming a transverse band at the base of the 
lingua. 

g, g. Sclerites of lypopharynce originating on the margin of the 
oral groove, passing between maxillm and uniting with 
inentiini near its base. 
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I 15 li. EpipJmrpKv projecting under the iabrum. 

i. Lcibrim attached to the cljpeiis. 
j, j. Selerites in the wall of the cesophagus forming the floor of 
the mouth. 

It only remains now for me to state that it is to the heautifiil 
preparations of Mr. Enoch that all the merit of this paper is due, 
and to thank him cordially for doing the work so well. 



Lateral diagrammatic wew of bead of Bombus : mandibles and 
Iabrum remoyed. 

CoLiETES, Latr. Hist. Hat. iii. p. 372. (PL III. figs. 1, 2.) 

Labrum transverse, broadly and bluntly angulatecl in front, 
densely fringed with long bristly hairs. Epipharyns visible 
beyond the hairs of the labrum, somewhat rounded in front, its 
extreme apex pointed. Selerites of the hypopharynx much curved 
and twisted ; the scales at the memhi'anous base of the maxillae 
represented by two or three strong bristly hairs. The maxillae 
are rounded at the apex, and reach just to the base of the lingua, 
round the apex they are fringed with a row of short curved 
bristly hairs, and longer hairs, which show traces of branching, 
below them ; their inner edge is very tbin and membranons : 
their surface is impressed with irregularly disposed punctures ; 
the reflexed under margin of the maxillse bears a row of long 
curved bristles, these in a strong back light can he seen through 
the substance of the niaxillm from above. Maxillary palpi 6 - 
jointed. ParagiossjB concave above, wide at the base, remotely 
punctured, their anterior margins with a row of deep punctures, 
from each of which springs a curved bristle. The lingua is 
deeply cleft at the apex, its base is convex and in the form of an 
equilateral triangle, the base of the lingua being the apex of the 

29 * 
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triangle ; tlie base of tlie triangle or anterior mai'gin is widely 
emarginate ; projecting beyond this triangle is the apical portion 
of tlie linguaj wliicli almost appears to be produced from iiiidcT 
the basal canopy, e, it is o-ii a lower level than it ; it is slightly 
rounded at the sides and deeply and angularly cleft in the middle 
right into its base ; the canopy and the surface of both the basal 
and apical portions are exceedingly finely ridged transversely, and 
set with very short bristles, and the apical portion is also covered, 
and fringed round its edges with very fine soft long hairs. 
Meiitum beneath about 2-^ times as long as wide ; labial palpi 4- 
jointed, the basal joint inncli wider and longer than the others. 
Submentiim hyaline, short, and subtriangular. Lora short and 
not well-defined, as they gradually merge into the investing 
inembrane which covers the space between the cardines, this 
membrane becoming gradually darker in colour, and seleritie as 
it approaches the lora. 


Puosopis, ]]'ahr, Bijst. Fiez. p. 293. (Pb III. figs. 3“5.) 

Labrum transverse, very slightly aiigulated in front, its anterior 
margin armed with a row of very strong testaceous spine-like 
hairs. Epipbaryiix extending beyond the spines of the labrum 
and somewhat pointed. Selerites of the hypopharyiix strongly 
developed, slightly curved above the maxillie. Scales at tlie 
base of the maxilhe well developed, elongate, and fringed with 
long hairs ; blades of the maxilhe short, somewhat siniiato on the 
external margin, their inner edge membranous, fringed with 
thick bristles round the apex, wbieli is widely rounded. Surface 
impressed with a few irregularly disposed punctures. 14ie 
refiexed under margin, with a series of sharp bristles. Maxillary 
palpi 6-jointed. Paraglossie elongate, about twice and a lialf as 
long as wide, not much narrowmd to the apex, the apex fringed 
densely with fine hairs. Lingua very short and wide, its basal 
portion in the form of an obtuse-angled triangle, very finely 
ridged transversely and set with bristles, until near the apex, 
wdiexe the ridges and hairs stop, and are replaced by a wide band, 
which under a |-iuch power is apparently glabrous, and its 
surface finely shagreened or rugose; the anterior margin 
of the basal portion or canopy is almost straight; the apical 
portion projects from beneath the canopy, much as in CoUetes, 
but is very shorf and not deeply cleft, but only widely and 
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sliallowly emarginate anteriorly ; its surface is finely ridged and 
clothed with long irregularly curved hairs. Beneath, the men turn 
is a good deal widened anteriorly, about twice and a half as long as 
wide ; it has a strong ridge rimniug nearly parallel to its external 
margin; labial palpi 4-jointed. The suhmentiim is short and 
hyaline. Lora wanting : what acts as such is the thickened apical 
portion of the ineinbrane which covers the space betw^eeii the 
cardines ; this thickened portion is convex, and so forms an arch 
at its apex, to the centre of w-hich the suhmentiim is attached; it 
is therefore evident that the play of the lora affords very little 
power of extension to the tongues of the species of this genus. 

Sphecobes, Latr. Risf. Rat. xiii. p. 868. (PL III. figs. 6-8.) 

Labrnm at the base broader than long, its sides somewhat 
rounded and converging towards the apex ; apical margin emar- 
ginate, sides and apical margin, except just the centre of the 
latter, bearing a row of thick spine-like bristles, these are 
situated just within the actual margin ; epipharynx subtrian- 
gular. Selerites of the hypopliarynx double on each side, the 
outer one terminating below - the apical margin of the labrum, 
and uniting, or nearly uniting, at its base with another sclerite, 
which passes diagonally doivn the side of the expanded membrane 
which invests the base of the ciharial apparatus ; this mem- 
branous bag is peculiarly developed in this genus and Ralietus^ 
and its surface covered wdth transverse rows of very short bristly 
hairs ; near the juncture of the two selerites above mentioned, the 
membrane gives rise to two or three long upright bristles, which 
appear to me to represent the scales at the base of the maxiliae, 
which are so much more developed in the other genera. The 
maxillm are rounded at the apex, their inner edge very finely 
and transparently membranous, tlie thicker portion of the maxillse 
remotely punctured ; palpi 6-jointed. Paraglossse membranous 
and transparent, somewhat falcate. Lingua convex above, longer 
than wide, its sides rounded to the apex, which is somewhat 
bluntly pointed, its surface finely ridged, the ridges bearing rows 
of short bristles. Beneath, the mentum is not quite three times 
as long as wide ; the labial palpi are 4-jointed ; the sub mentum 
is very short and transparent, in fact it is not easy to trace its 
shape at all. The lora, so far as I can make out, do not exist at 
all, either in this genus or in Ralictm. The cardines are very 
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long, and tlie membrane uniting them hears do^Yrl the middle Iavo 
darker chitiiiized straps, each of which narrows towards its apex, 
which is abruptly turned inwards, terminating just above the 
base of the submeiitum, so that there is no hinge by which the 
mentimi &c. can be thrown forwards : possibly the elasticity of 
the membrane may be such that the bee by an exfera effort can 
stretch it, but in any case the apparatus employed seems to 
be strangely different in these two genera from what it is in their 
allies. 

HxVLICTIJS, Lair. Hist J^at. xiii. p. 364. (PL III. figs. 9-11.) 

Almost exactly similar to SpJiecodes in its oral arrange- 
ments, hut with the lahrinn more transverse ; the paraglossiB 
more developed and produced into two elongate parallel-sided 
processes densely fringed wdth branched hairs ; lingua longer, its 
sides rounded nearly to the apex, then slightly sinuate, the hairs 
of the surface of the lingua also longer than in SpJiecodes, and 
distinctly branched towards the apex, otherwise the description 
of that genus wdll apply in all essential points’. to this. 

Atobefa, Mih\ S^jst. JEnt. p. 376. (PI. IV. figs. 1-3.) 

Labrum transverse, fringed with long bristly hairs; epi- 
pharynx triangular. Scales at the base of the maxilhe well 
developed, elongate oval, hearing several long bristles, some of 
which are more or less branched. Alaxillm extending to about the 
widest part of the lingua, somewhal rounded at their apices and 
fringed with hairs, their inner edge narrowly membranous, and 
their reflexed under margin with a row of closely-set bristles 
observable tbroiigh tlic transjjareiit substance of 'the maxilla ; 
palpi G-joiuted. Paraglossm transparent, truncate at the base, 
whicb is margined with a. narrow band of darker chitinc, im- 
pressed with a row' of punctures ; apex of each produced into a 
lobe transversely ridged and set with short bristles like the 
lingua. Lingua a little more than twice as long as wide, finely 
ridged transversely, and clothed with short hairs, those at the 
apex longer. Beneath, with the mentum elongate, four times as 
long as wide at the apex ; snbmentiim eloxigate, hyaline. Lora 
represented by the apical triangular arch formed by the convex 
scleritie apical portion of the membrane investing the space 
between the cardines; in this character Andrem seems to 
approach closely to CoUeies and JBrosopu^ but the ends of the 
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arch appear to rest on the apices of the cardines^ and therefore 
the apparatus approaches more nearly in its arrangement to the 
lora of the higher Apidse. 

CiLissA, Leaclhj Bd. Enc. ix, p. 155. (Pi. IV, figs. 4-6.) 

Labrum transverse ; epipharynx triangular. Scales of the 
maxillge dark and suboval, deeply foveated, set with a few bristly 
hairs ; sclerites of the hypopharynx visible on each side of the 
labrum. Maxillary palpi 6-jointed ; blades of the maxilla? rather 
short, wide at the base, gradually narrowing into a sharply-pointed 
apex, their surface punctured. Paraglossa?- "with a broad basal 
sheath, and an apical process fringed with long hairs. Lingua 
wide at the base, produced into a sharply-pointed apex, its sides 
slightly concave, clothed with hairs at the base, pointing towards 
the apex ; at the apex with some of the hairs erect, giving it some- 
what the appearance of a bottle-brush ; each of these hairs has 
at the apex two or three branches. Mentuin beneath three times 
as long as wide ; labial palpi 4-jointed, first joint as long as the 
second and third together, apical joint narrower than the others, 
longer than the third. Siibmeutum elongate, its apex hyaline ; lora 
very strongly developed and thick. Cardines wide and straight, 

MAcmo:ris, Earn* Eami. Germ. Hft. 107, p. 16. 

(PL lY. figs. 7-9.) 

Labrum transverse, slightly rounded in front, densely fringed 
with long hairs intermixed with thicker spine-like bristles ; epi- 
pharynx sharply angular in front. Scales at the base of the 
maxillse curved inwards, subreniforin. Maxilhe with the blades 
sinuate exteriorly, fringed wdth long hairs at their apex, which 
is rounded ; internal membranous margin very narrow ; maxillary 
palpi 6-joiuted. Paraglossse wfith their basal portions slightly 
longer than wide, rounded on its external margin, somewhat 
angular on its internal, its extreme base bearing a few bristly 
hairs springing from deep holes ; its apical portion elongate, 
pointed, towards the extremity clothed with bristly hairs. Lingua 
elongate, subtriangular ; its sides slightly rounded, its apex 
narrowly produced and clothed with long projecting hairs — its 
base clear and hyaline, the rest finely ridged transversely and 
set with short hairs. Mentum beneath gradually widening to 
the apex, about times as long as wide ; labial palpi 4-jomted, 
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tlie basal joint thickest and longest. Suhmentimi widened and 
hyaline at the apex, narrow and darkly cliitiooiis at the base. 
Lora distinct, not very long, forming an obtuse angle at tlieir 
point of juncture. 

Das^poda, Latr. Hist. Hat, iii. p. 372. (PL V. figs. 1-^-3.) 

Labrum transverse, its anterior edge slightly rounded, densely 
fringed with long golden hairs, all of which appear to be more or 
less plumose or spiiiose. Epipharynx slightly pointed at the 
apex. Scales at the base of the maxillsc very elongate, oval, set 
wdth long porrect, slightly spinose hairs. Maxillic Avitli the 
blades very long, gradually rounded on their outer margin, 
straight on the inner ; apex pointed^ inner margin almost 
destitute of any membrane, except just opposite the insertion of 
the maxillary palpi ; these latter are 6-jointcd. Paraglossa) nar- 
rowed at the base, their inner basal margin rounded and bearing 
a row of stiff bristles, their outer basal margin concave ; across 
the centre they are w-idened, from whence the outer apical 
margins converge in slightly rounded lines, and the inner apical 
margins diverge in nearly straight lines, and the apex is produced 
into a narrow, slightly pointed process. Lingua much more 
elongate than in any of the preceding' genera ; the transversely 
ridged portion four times as long as broad, gradually tapering to 
the apex, which, however, appears to, be destitute of the ladle- 
shaped termination observable in the higher Apidie. Beneath with 
the iiientnm about four times as long as wide, very little widened 
towards the apex. Suhmentum long, -widened at the apex ; labial 
palpi 4-jointed, the joints much swollen at the apex. Maxillm 
clothed with very long spinose hairs ; lora very strongly devti- 
loped, forming an acute angle at tlieir point of jiiiicture. 

Panueous, Pam, Krit. Eev. ii. p. 200. (PI. V. figs. 4-“6.) 

Labrum transverse, widened in front, and slightly rounded on 
its anterior margin, fringed with long spinose hairs of rather 
unequal lengths. Epipharynx triangular. Scales at the base of 
the masilhn ovate, set with strong upright bristles. Maxilla) 
with the basal portion fringed outwardly with a row of short erect 
bristly hairs ; palpi 6-jointed ; blades semilncent, pointed, gradu- 
ally narrowed to the apex, with rather a wdde membrane on their 
inner margins towards the base; surface apparently clothed 
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with exceedingly short hairs. Paraglossse truncate at the base ; 
the inner niargiu of the basal portion nearly straight, and almost 
uniting over the base of the lingua; apices produced into elon- 
gate pointed sheaths in shape something like the inaxillm. 
Lingua elongate, a little more than seven times as long as wide, 
finely ridged transversely, and with whorls of short bristly hairs; 
apex simple, with apical spoon-like lobe. Beneath, with the 
nientum widened tow-ards the apex, about three times as long as 
its greatest width ; labial palpi 4-jointed, the joints narrow and 
rounded, basal joint very long, longer than the 2nd and 3rd to- 
gether. Submentum short, pear-shaped, and hyaline. Maxill® 
with a tuft of long feathery hairs at the base ; lora very feebly 
developed, formed, avS in Frofiopis^ Collefes, &c., merely by the 
chitiiiized arch of the membrane investing the space between the 
cardines. 

The feebly developed lora and suhcylindrical labial palpi, 
associated with the long pointed paraglossa? and elongate lingua, . 
characterize this genus as one of the most peculiar in our list, 
especially when it is remembered that in the d genital armature 
it is also unlike all its congeners. 

Dueouiiea, Lef. Hist. Hat des Ins., Hpn. ii. p. 226. 

Of this rare genus I have only one specimen with its tongue 
extended, which onlj’- shows some of the selerites, but they evi- 
dently are arranged very much as in Fanurgns. The maxillse have 
some long hairs at the base; the lingua hardly extends beyond 
the apices of these organs. The maxillary palpi are O-joiiited ; 
the labial 4-joiiited, all of which are more or less cylindrical, as in 
the short-tongued genera; the basal joint is almost as long as the 
two following together. The submentum is short and subhyaline 
as in Famtrgtts, but there appears to be no thickening of the 
membrane between the cardines at its apex, as in that genus, and 
therefore notlnng to correspond to the lora ; the cardines them- 
selves are very long and straight. 

Eophites, Bfhi. Ins. lig. ii, p. 9. 

Labrum transverse. Epipharynx triangular, somewhat rounded 
at the apex. Maxillary palpi long, 6-jointed; blades of the 
maxillae rather short, pointed, hearing on their surface some 
semierect hairs, internal margin membranous. Paraglossse at the 
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base ensbeatbing the base of tlie lingua ; tbcir lateral por- 
tions produced into two elongate sub fill form processes, slightly 
widened and truncate at tlie apex. Lingua very long and ratber 
tliick, elotbed wdth very long hairs. Meniuiu elongate, trilobate 
at the apex ; labial palpi with tbo first 8 joints slicatb-lihc, the 
ist and 2ii(l subcqiial in lengtln 3rd very sliort, 4tb divergent, 
cylindrical, about half as long as the 8rd. 1 have only dried 
specimens to wmrk from, but the subineutiim is not recognizable, 
and the lora arc apparently absent ; in fact all the sclerites in 
this portion of tbe meebanism appear to be on the same plan as in 
SpJiecodes and Ilalictus : tbroiigli tbe dried membrane that lies 
between the cardinea two elongate sclerites can be clearly dis- 
cerned ; these, I have little doubt, are analogous to tbe straps 
observed in the genera above mentioned ; the cardiiies also are 
very long and thin, as in those genera. These points of re- 
semblance in structure to Ilalictm are most interesting, as the 
facies of the insects themselves is so completely Halietiform. 
Tbe shape of the labial palpi, on tbe other band, is similar to 
those of the higher Apidre, but the paraglossce are unlike those 
of any other genus that I know. 

N'oMxVDa, Fah\ Bpt, Eni, p. 388. (PL VI, figs. 1-3.) 

Labruin transverse, anterior margin rounded, slightly produced 
in the centi'e. Epi pharynx very long, its sides slightly sinuate, 
its apex bluntly pointed. At the base of the maxilhe are two 
suboval chitiiiized spots, which appear to represent the basal 
scales. Maxilhe dark outwardly, semiliicent towards their inner 
margins ; palpi very long, (>-jointedj blades pointed and fringed 
with hairs at the apex, inner margin broadly lueinbrauous. Ihma- 
gloBBic wide, elongate oval at base, sliglitly siiuiato on tlieir 
external margins, a])ex produced into an olonga,te spiuc-lik:e pro- 
cess. Lingua elongate, nearly linear, nearly ten times as long as 
wide, finely ridged and whorled with bristles ; apex with a spoon- 
shaped lobe, although this lobe seems to be retracted (at least in 
tbe specimen which I have examined) amongst the apical hairs. 
Beneath, with the mentum about four tiiues as long as wide ; 
labial palpi 4-jointed, the joints narrow and Toundeci, 1st joint 
longer than the other 3 together ; submentum very long. Maxilla) 
with a few long plumose hairs at the base ; lora well developed, 
but 'Short 3 cardines Terj long. 
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This genus forms a curious transition "between the Andreiiidse 
and Apida3 ; it has manj of the characteristics of the latter 
division, such as the long tongue, the acute paraglossse, and the 
long basal joint of the labial palpi ; on the other hand, however, 
it has the joints of the labial palpi subcylindrical, like the Andre- 
nidse, without any tendency to the flat or concave sheath4ike 
form of the Apidse, and its species are also parasitic on the Andre- 
nidse (with the exception of Ai sexfaseiata^ which frequents the 
burrows of Eucerci). These last two characteristics seem to me to 
outweigh the others ; and notwithstanding the exhaustive remarks 
of M. J. Perez on this subject Contrib. a la Paune cles Ajhaires 
de France,’ p. 152 et seq.), wdiere he considers Eomadci as allied 
to Megaeliile^ I should feel inclined to treat it as a very 
abnormal genus of the Andrenidse. 


Epeolhs, Lcit'}\ Eist. Eat. iii. p. 3‘75. (PI. TII. flgs. 7, 8-) 

Labrum transverse, its wddest portion a little before the base, 
its sides thence converging towards the apical margin, which is 
slightly sinuate and bears a small tooth in the centre of the 
sinnation. Sclerites of the hypophaiynx narrow and straight. 
Scales at the membranous base of the maxilte represented by 
two little dark chitinous sclerites, which hardly project beyond 
the membrane. Alaxillce with tlieir blades rounded at the apex, 
which bears round its edge a few extremely short hairs, very 
convex above and concave below*, their inner edge slightly curved 
and rather narrowly membranous ; palpi wdth one joint ; under 
margin of the blades of the maxilhe produced so as nearly to 
ensheath the lingua &c. Avhen closed. Paraglossm wide and 
parallel-sided at the base, shaped sometliing like razor-blades, 
their cutting-edge inwards ; their outer margins thickened and 
produced at the apex into a long, slightly curved filiform process, 
extending to about the apex of the 1st joint of the labial palpi. 
Lingua very long, clothed with leather long hairs ; meiitiim 
beneath five times at least as long as wide, siibparaliei-sided ; 
labial palpi with the 1st and 2nd joints sheath-like, 1st once and 
a third as long as the 2nd, apex of the 2nd with a fringe of long 
hairs, 3rd and 4th joints cylindrical, 4th shorter than the 3rd ; 
submentum elongate, widened at the apex; lora rather elongate, 
strongly developed ; cardines thick and curved. 



424 


ME. E. SAUNDEHS ON THE TONO-IJES OE THE 


MelectAj Lcdr. IlisL Wat. xiv. p. 48. (PL VIII. figs. B, 4.) 

Labriim almost as long as wide, slightly narrowed, and trim- 
cately rounded in front, densely clothed with long, shortly 
branched hairs. Epipharynx yeiy long, narrow, and pointed ; at 
the side of each sclcrite of the hypopharynx near the base, the 
investing membrane is chitinized into a dark plate, a character I 
have only seen in this genus. At the base of the maxilhc, lying 
on the membrane, a, re two long dark chitinons ])lates which I 
believe represent the basal scales. Maxilhe nearly black on the 
basal portion outwardly, meinbranotis inwardly, bearing the 
sclerites mentioned above ; palpi rather short, 4-jointed ; blades 
forming two very concave sheaths, the superior portion narrow, 
with only a very narrow membranous edge towards the apex of 
their inner margins ; apices with a few very short hairs. Para- 
glossse very long, narrow and pointed, extending almost to the 
apex of the maxillse. Lingua very long, narrow, slightly con- 
stricted at the extreme base. Beneath, with the mentum very 
long ; labial palpi 4-jomted ; 1st joint more than three times as 
long as the 2iid ; Brd and 4th subequal, together not quite half 
so long as the 2iid; 1st and 2nd joints flat, and somewhat 
sheath-like ; 3rd and 4tli cylindrical. Subinentmn elongate and 
parallel-sided, except at the extreme apex j lora and cardines 
very long. 

OcELioxYS, Zah\ Gem, Crust, et Ins. iv. p. 106. 

(PL VI. figs. 4-6.) 

Labrum longer than wide, parallel-sided ; its apex abruptly 
truncate. Epipharynx hidden beneath the labrum. Scales at 
the base of the maxilhe strongly developed, elongate oval, 
fringed with long hairs, their bases hidden in the sj}Gciiucn 
before me by the labrum ; sclerites of the hypopharynx strongly 
developed. Maxillary palpi two-jointed j apical joint very small 
and narrow ; blades of the nmxiiliB pointed, submembranous, 
with a strong thick midrib from which a series of beautifully fine 
parallel strisa extend on to the membrane at each side, those on 
the inner side extend about halfway across the membrane, those 
on the outer side, which is convex, appear to extend to the 
exterior margin, and on the reverse or concave underside of the 
hlade appear as ridges, which under a |-inch objective may be 
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seen to be set witli rows of fine short golden, hairs. Lingnaloag, 
not constricted at the base ; on the membranous coYering of the 
upper surface of the mentum are two elongate, snbparallel, narrow, 
slightly sinuate sclerites extending almost to the junction of 
the labial palpi ; beyond these at their apical ends are two others, 
which diverge rather rapidly and apparently terminate near the 
base of the lingua ; these latter seem to me to be a portion of 
the paraglossse., and to represent the hroad basal portion of those 
organs so largely developed in the shorl-tongued bees ; the rest 
of the paraglossfle, i. e. their apical portion, appears beneath the 
membrane which invests the root of the lingua and extend as 
two straight narrow sheath-like bodies to about the apex of the 
Ist joint of the labial palpi. Mentum beneath slightly widened 
to the apex, three times or more as long as wide; 2ud joint of 
labial palpi twice as long as the 1st, with its inner margin sub- 
inembraiioiis ; 3rd and 4th very short, cylindrical. Submentum 
very elongate and narrow ; lora short and wide ; cardines much 
curved, and widened about the middle. 

Meo-achile, Latr, Sist, Fat xiv. p. 51. (PL VIII. figs. 1, 2.) 

Lahruui shaped much as in Goelioxys, longer than wide, with 
nearly parallel sides and abruptly truncate apex; epipharynx 
hidden beneath it ; scales at the base of the maxiilse stipitate, 
their blades about four times as long as wide, parallel-sided, and 
truncate at the apex, inner margins set with bristly hairs ; maxil- 
lary palpi 2 -jointed 5 blades of the maxilte as in Cceliowya^ 
and all the upper sclerites of the mentum, paraglossse, &c. 
scarcely difieriDg from those of that genus; the first joint, how- 
ever, of til' 'abial palpi is longer, almost equalling the 2nd. 
For the me um &c. the description of Cwlioxys will practically 
apply. 

Anodhiu’ m, Syst. Piez. p. 364. (PL VIII. figs. 5-7. ) 

In this genus again the ciharial apparatus is almost identical 
in form with the preceding, but the maxillary palpi are only one- 
jointed ; and the outer half of the blades of the maxill® are more 
deeply striate and set with stronger bristles ; the sclerites also, 
which connect the mentum with the maxillae and form the con- 
tinuation of the sclerites of the hypopharynx, are much curved, a 
large portion of tbe curves showing on each side, and unite with 



426 


HE. E. SAEXDEES OX THE TONGUES OE THE 


tlie meiitiiin quite at the base instead of about a quarter of its 
leiigtli from it ; the lora are very wide at tlieir bases ; the 
cardines long and slightly curved. 

Stelis, Fam. Krit. Fev. ii. p. 246. 

Of this I have only dried specimens, but the scle rites all appear 
to be arranged as in Anthiclmm ; but the 2nd joint of the labial 
q3alpi is nearly twice as long as the 1st, and the 3rd is widened 
and somewhat fiat, about equal in length to the 4th. 

OSMIA, Pam, Krit. Bei\ ii. p, 230. (PI. YII. figs. 4-6.) 

Labruiii elongate, as in the preceding genera, but more 
rounded at the sides. Scales at the base of the maxilla) very 
strongly developed, sub parallel-sided for two-tliirds of their 
lengtli, the outer sides thence rounded to the apex ; inner mar- 
gins set with long hairs ; maxillary palpi 4-jointed ; blades very 
long and pointed, with a strong longitudinal rib. Sclerites of 
the ineinbranons coyering of the mentuni as in Gmlioxys, &c. ; 
those of the upper part of the paragloss^e longer and narrower ; 
the lower or blade-like portion of the paraglossse rounded at the 
apex, and extending to about three-fifths of the length of the 1st 
joint of the labial palpi. Lingua very elongate ; labial palpi with 
the 2iicl joint once and a half as long as the 1st; apical joints 
very short ; sclerites connecting the maxillae with the mentum, 
joining the latter close to its base ; subinentum very long and 
narrow, widened at the apex ; lora elongate, wide at their bases ; 
cardines rather narrow and slightly carved. 

Chelostoma, Lair. Gen. Crust, et Ins. iv. p. 161. 

(PL YII. figs, 1-3.) 

Labruin elongate, slightly sinuate at the skies, truncate or 
slightly emarginato in front. Scales of the maxiihe liiddeii be- 
neath, the labruin. Maxillary palpi 3-jointecl; blades of the 
maxillae broadly membi'anous on their inner margin. Sclerites of 
the upper surface of the mentum as in Gmlioxys^ &c. ; those of 
the paraglossm which were noted in tliat genus as appa- 
rently belonging to those organs, here show their connexion 
most plainly, and appear as elongate divergent dorsal plates -> 
whereas the rest of the paraglossm, extending below and beyond 
them, forms a sort of lateral sheath to the base of the lingua, its 
upper edge being set wdth bristly hairs. Lingua elongate, linear, 
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nearly twice as long as tlie iirst two joints of tlie labial palpi. 
Mentimi beneath about 3 J times as long as wide, slightly widened 
towards the apex, where it is deeply trilobate. Labial palpi with 
the first three joints sheath-lihe, and only the apical one cylin- 
drical and divergent ; the basal joint is very short, not a quarter 
so long as the 2nd, the 3rd is about half as long as tlie 1st, and the 
4th distinctly longer than the 3rd. (I must here correct an error 
which, I regret to see, occurs in my synopsis, Trans. Ent. Soc. 
Lond. 1884, p. 213. I there say of the labial pal])! “apical joint 
much shorter than 8rd ; ” and I may remark also that E. Smith, 
in his ‘ Catalogue o£ British Hymenopfcera,’ pt. 1, figures this 
genus on pL viii, as having the apical joint very short, and I fear 
I must haye taken my measurements from him.) Submeutum 
short, in the form of an elongate triangle ; lora strongly deve- 
loped ; eardines long and slightly curved. 

Heuiabes, Spin. Ins, Lig, ii. p. 7. 

1 have only dry specimens of this genus, but the maxillae and 
the upper sclerites of the mentum and the paraglossm appear to 
be arranged much as in Clielostoma ; the labial palpi differ from 
those of the species of that genus in having the terminal two 
joints divergent and cylindrical, instead of only the terminal one ; 
the submentiim is very elongate, and the lora has very long arms ; 
the maxillae at the base are clothed with very long plumose hairs ; 
the cardiues are long and straight. 

Etjceea, Scop. Ann, Sist Hat, iv. p. 8. (PL IX. figs, 1~3.) 

Labriim semicircular; epipharynx angularly pointed; mem- 
branous base of the maxillm bearing two small narrow sclerites, 
widening towards their apex and approaching each other apically, 
dark at their base and uearij hyaline at their apex ; at the base 
of the hyaline portion near its exterior margin is a small dark 
spot out of which rises a bristle, and there are two other bristles 
emerging from the dark portion. These sclerites appear to me 
to be homologous with the scales in the other genera, although 
much less developed ; from their bases extend two other much 
larger sclerites, of a pale horn-colour, elongate, slightly widened 
at the apex, adpressed to the membrane, with their exterior 
apical angles rounded ; they reach almost to the base of the dark 
opaque portion of the maxillm : I have seen nothing like them in 
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any other genus ; whether they are brandies of the scales or what 
I cannot say, but they appear to be connected with them. 
Maxillary palpi 5-jointed; blades of maxilla3 widely membranous 
on their inner margin, especially at the apex ; the thickened ex- 
ternal rib produced at the apex in the form of a hook : base or 
dorsal plates of the paraglossge, when these organs are closed, 
ensheathing the base of tlie lingua ; the lateral portions of the 
paraglossge extend from behind the middle of the dorsal sheath 
in very long, slightly curved processes to beyond tlie apices of 
the labial palpi ; their inner margins wddely membranous at the base, 
the inetnbrane gradually narrowing towaids the apex, and dis- 
appearing at a point about a quarter of the entire length of the 
paraglossae from the apex. Lingua very elongate ; mentum be- 
iieatli elongate, parallel-sided, receiving the scleritos of the hypo- 
pharynx near the base ; 1st and 2nd joints of labial palpi very 
wide, their inner margins widely membranous, 1st nearly twice 
the length of the 2ud, 3rd and 4th short, cylindrical and divergent. 
Submentum very long ; arms of the lora very^^Jong and strongly 
developed ; cardines wide and slightly curved ; base of the 
maxillge clothed with very long plumose hairs. 

Anthophora, Lair. Wouv^ Diet, eVSist, Mit, ix. p. 167. 

(PL IX. figs. 7-9.) 

In this genus the labrum is transverse, largely rounded in 
front, the apex of the epipharjiix shows beyond it, narrow, 
truncate at the apex, with the corners of the tnincature rounded. 
The scales of the niaxill® are oval, strongly developed, and set 
with strong testaceous bristles along their margins. The sclerites 
of the liypopliarynx are very divergent, and extend under the 
maxxlljB to beyond their palpi, whence they approach the sub- 
meiitum at right angles, just at its juncture with the ra on turn. 
The maxillary palpi are 6-jointed ; the blades of the maxillaj are 
long, narrow, convex above, with a narrow parallel membranous 
inner margin, through which, near the apex, a few hairs can be 
seen fringing tbe thicker portion on its concave side. Sides of 
the mentum produced and folded over the upper surface, their 
edges touching each other for a short distance about the middle 
and then diverging rapidly to the base of the labial palpi ; these 
are attached more laterally than in any of the preceding genera, 
and their attachment can be plainly seen from above ; the basal 
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joint is exceedingly long and slieath-like, its inner margin widely 
membranous, and its midrib set with hairs ; these hairs much 
njsexnble those of the maxillm, wdiich show through the mem- 
branous inner margin of those ot*gans in so many genera ; the 
2ad joint is about a third as long as the 1st, also sheatli-like ; the 
^Ird and 4th are very short, subequal, cylindrical, and divergent. 
Eeyond the divergent sides of the mentum above are seen two 
sclerites -which terminate at the base of the paraglossm ; these 
latter organs are most strongly developed ; their bases are 
truncate, their inner edges overlap, thus forming a complete 
dorsal sheath for the base of the tongue ; the apices of these 
dorsal sheaths are rounded exteriorly ; from about their middle 
originate the lateral or blade-like portions of the paraglossa;, 
which extend as latero- ventral sheaths to about as far again as 
the dorsal ones — i, e., to about two thirds of the. length of the 1st 
joint of the labial palpi. The lingua is exceedingly long, longer 
than in any other genus of our British Anthophila; the base of 
the lingua beneath is also sheathed by two sclerites, which appear 
to he ventral portions of the paraglossas. Mentum subparallel- 
sided, at tlie apex ernarginate, but with its centre produced into 
a |;)alc angular process ; subincntum exceedingly long and narrow j 
arms of the lora short but wide at their union ; cardines short 
and narrow. 

Sabopojda, Zafr. Gen. Crust et Ins. iv. p. 177. 

(PL IX. figs. 4-6.) 

Only distinguishable generieally from AMophora by the 4- 
jointed maxillary palpi and the 2-joiated labial palpi, both of 
which are slioath-liko. How F. Smith and Dours managed to 
find a 3rd and 4t!i joint I fail to understand. 

Ceilvt!KA, Latr. Hist Hai. Im. xiv. p. 50. 

Of this genus I have only dried specimens. Labrum sub- 
quadrate ; epipharynx long and pointed j scales at tbe base of 
the inaxiihe largely developed, bearing a few long hairs. Maxil- 
lary palpi 6-jointcd; blades of the maxillco with their inner 
margin widely membranous, through which can be seen the long 
hairs tliat fringe the thicker part of the blade on its underside. 
Paraglossm sheath-like, their apices situated at about two-fifths 
of the length of the Isfe Joint of tbe labial palpi from its base, 
niNix. ouEjr.— v.ooLoar, yol. xxiii. 30 
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Lingua very elongate. Mentnm elongate ; labial palpi with tlie 
first two joints sheath-like, the 2nd nearly as long as the Isfc, 3rd 
and 4th very short, divergent ; submeiitum very long, and the 
arms of the lora likewise. 


PsiTHYKiJS, Lep. Ann. Soc. JEnt. Fr. ii. (PI. X. figs. 1-3.) 

Lahrum transverse, widely x’onnded in front, the centre of tiu? 
front margin slightly produced; epi])ha 2 ynx triangular ; scales 
of the maxillDe small, hut hearing several long bristles, lliixi llary 
palpi 2-jointed ; blades of the inaxilljo elongate, tludr apices 
slightly incurved and liook-like, their inner margins widely inom- 
hranous, showing the hairs which fringe the thicker part of the 
blade beneath very clearly. ParaglosBUO with their dorsal plates 
pointed at the apex, the base bearing a few lateral hairs ; lateral 
portions sbeatli-like, rounded at the ap)ex. Lingua vciy long. 
Meat urn beneath parallel-sided, truncate at the apex; Ist and 
2Dd joints of the labial palpi very wide and sheath-lIke, with wide, 
membranous inner margins, 2nd about one fourth as loiig as the 
1st, 3rd and 4ith very short, cylindrical and divergent. Sub- 
ineiituin shortly pyriform. Sclerites of the hypopharynx Joiiung 
the mentum at some distance from the base ; lora with short 
curved arms ; eardines nearly straight. 

Bombus, Latr. Hist. Nat. Ins. xiv. p. 63. (PI. X. figs, 4™G.) 

So like Fsifhyrus in all its details that there really is no olp'ect 
in giving a special description of them; for particulars, tliere- 
fore, see that genuvS. 

Apis, linn. Spst, Nat. ed. x. 1. p. 574. (Pi. X. figs 7, S.) 

Labrum widely transverse, rounded in front ; epipharynx 
pointed ; scales at the base of the maxillm not rcpreseiitiHl as iar 
as I can see. Maxillary palpi 1-joiutcd ; blades of the maxilhe 
very widely membranous inwardly, their apices with a few short 
bristly hairs. Paraglossse ensheathiag the lingua at its base, 
produced at their apices into two rounded, hyaline lobes ; lingua 
elongate. Mentum beneath short, twice and a c^uarter as long as 
wide, its apex truncate. Labial palpi with the 1st joint widely 
membranous on its external margin, fringed with long hairs on 
its internal margin, and set with long stiff bristles on its dark 
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ccMilral portion ; 2iid joint not a aw loii^ as 'tlio Isi, 3rd and 
■Itli divergent, veiy short, evliiidrieal. Hubmontum sliort and 
tri^Liigular ; lora witli tlie arms short but w^ell developed ; ciirdines 
vi-.ty slightly curved. In the queen all the parts are shorter and 
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Oil aunie Old-World Species of Scorpions belonging to the 6-eniis 
Jmiu.iirm, By K. I. Pococic, of the British Museum (hfat. 
Hist.). (Communicated by W. Pehoy SnABEF, P.L.S.) 

[Bead 1st May, 1890.] 

(Plate XI.) 

The exaiiiiiiation of the Euthiclie contained in the collection of 
tlie iirii.ish Museum has brought to light a number of new species 
of ihc group. Those referable to the genus Isometms are described 
ill the present jiaper, whicli contains in addition a few remarks 
u|H}n tlui synoiiyiny and alEiiities of one or two previously known 
forms, 

Speaking genorally,ii>‘c>;i'^<?i^r 2 ^,s* may be described as almost cosmo- 
politan, althougb. rcpreseiitativ’cs have not yet been recorded from 
i/iic Pahearetic Eegion. However, in Central and South America, 
in Africa south of Hahara, in India, Tndo-Mtilaya, Aiistro-Malaya, 
and Australia, the species arc fairly abundant, and the number at 
present known will no doubt be largely added to in years to come. 

In the Old World the species may nearly always be recogniEod 
from others of tlic ihmily by the variegated black and yellow 
Ijait.terii of the upper surface of the body and logs in some 
instances, however, the limbs and trunk aroconcolorous or nearly 
so. The colours, allowing for variations, are of some use in the 
recognition of the species ; but the best characters for this pur- 
pose are to bo obtained from the form of the tail, the keels on the 
tail and trunk, the width of the lumd, length of lingers, &c. 

Tlie sexes differ largely imd in a variety of ways. The male 
may almost cortainly be detected by possessing some one or more 
of tlic following ihatures : — The hand will either be longer and 
relatively more slender, or stouter than it is in the female ; at the 
base of the dactyii there is often a wide space formed by the 
siiuiation of the proximal half of these organs ; the trunk is more 
slender; the tail much or a, little longer, and soinetinies only 
thicker. 

On IsoMEPBUs rniCAitiXATUs, Simon, (Pi. XI. hgs. 1-1 d,) 
{Simon, Ann. Mm, Oemv, xx. p. Iff, 1884.) 

Pondicherry, Madras. 

The British Museum possesses three specimens of a species ot 
Isometrm sent by Mr. Jerdan from Madras, which are unques- 

LINN. JOUEN.— ZOOLOUT, VOE. XXIII. 31 
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ilioijibly iN'-foriihle f.o ,/, irl(un'hHfh!.s of Simon. lVIohh. Hiiisoii U 
rsfily a iVmiaio for oxamimiiion, ami oiime one of ilu‘ H|)i?c!nieriw in 
Uie iVlii:;(‘iim eolbu'l-ion j.s ii nmJi\ I thin oj)|)Mrt'U,iiily' 
ill,',:*' o!ii ihe ;siV\nn! eharaeiers of 'iln^ npenii’a. 

V* Tail miieh aJieiis'iN only a, lililt* morn Uuu5 iiv(‘ imiiea the 
imiyili of 1 !k‘ (O' jJimit.b.noraJi ; tin* lirwt ne<^’Ui.euk aboui; ms wide a,s 
lony; ; oo|di:iloiJun*a\ jiii'iuid; losij** an the first segment and 
hnll' ilit'* sei.'oml, oli;;’iifriv 'Uian, iln^ IbiU'tii. 

alMoit' a,s rvitio as the Imnehiiuu ; digits ,i,n (‘oiiiaei 
f iirouyyhoiii, , noil her .lofniie nor sinuate. 

. Toil inmdi longer, n.hoiit six, times the .length, th(^ eephar 
io{,ho!'a\ ; widili ut the lis'st sognuad. ('qna.l to ahoui iavo thirds 
of it-i leuglh: c*e|ilia.loilioraA: vef.y slightly h/iigor than the lirst 
ea.m,!al Mr-gimmi, .inueh sliurian' than tho fourth. 

.Maims wider tl'uui the brachimu ; digits not ([nite in eontaet 
a4 tile ha,se, Urn irM')Vid)le rurnishecl with a distinct lobe vvliich tits 
into a- siniuition o,r the iimnovabltn 

,/. fSln)phfiifii.i\ OalcH, is very closely allied to this form and crag 
i iiiinlv, only lu'i rt^giirded as doubtfully distinct. In liis deserip- 
iion of tins species Man Oates, to whom /. friofi^nnatuH was 
nil know ig lays c.'O'imiderable stress on the diirerences of colour 
bi'lwoim the tavo ; hut the words Ike w'lioki (mmal iinifonnfd* 
roes,"’ W’itli wliieh tu^ di,fre.r(mtia,tes L IrliUiriHaiu^^'xni scarceij in 
ai'eau'i! n iih i he Iblh'oving senltmca^ witli which i\lons, tSimoiiks 
dr’s.erih ion begins, O/cao/rr yb/r/w, padihu.-^ dihilioidbiis, amdaj 
myrntiila ijain/n innitr injh> As a, auditin’ o,l’ fact, 

I here is very diHerenee in ecdour lu,a\veeti tiie twt), what tlif- 

b.-fenee tliere is briny; noliceiihh* princa pally on, (he- midor surface 
of tin,' la.ihutt!4di is more iul'uscate in HkapkaidiL 'ITe uppiu* 
Hlirfice nf the alidonum in at hami tuuMd’ihi’. s|H,‘ei,im*nH vd‘ /,* /rf- 
vnrifiiditM is coiinderahly <{arlu‘r I ban fhe limbs, mid thi^ iergites 
licfir iliKiinei traces of tlie fulvouf'! I>odia.|ied mark \v.hieh 'iH noticin' 
iihleiii the H|ieeim4*u of /. Hhapliindil vvhie.f,i Mr. Oates has .klinlly 
p'rosiUited to the. Munemm A'pari', liowevu.*r, from colour, certain 
diHermiees are 'UiidonhitHlIy to )>v seen between tins hipeciimm of 
/, SkopiirHdJd and, tlie lhr<H‘ a-bove-men, tinned <ixamph^H of L iri^ 
'I’liUH, in the former the cephalotho'ra,x: k slightly ii:iore 
cm'mrgiiiate in fro,nt and tlu’ a.ntemu,ilar area k more coaraoly 
griiriiikr; again, tlie lateral tergal kinds are ,rej)roHentcd only by 
OTIC coiiB'pietiouH graniilej wh(‘reaiH i,u L irkminatm thcBe keels 
lire ciuiiposed of about tlirec fused granulcB ; and, lastl,y, the tail 
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iii 'L 8ho])l(UHUl Bcems to be more fc^loiidorj and tlic tornviiud 
p;ra.im].(5 of tlu^ Huporior keola not larger tlinu tlic rest. 

Whethei* tlieso dilFeroiieofr; will wtand tlio test oi:‘ an exaniiiudloii 

a iimaber of speed iiioiis from intermediate iocaiities is a question 
whielp for tlie present, must b'o Icfi; unanswered. 

'Idiere is a, Iso in tlie MLiseiiiu a single dried and apparentij 
young female spetdincn of an Isomelrm wdiich came from Calcutta. 
This spc'cdiiioii diiters from tlie type of L ShoplaniU inluiviiig no 
trace oflntmvd tergal keels and distinctly longer inaiuis and digits; 
lljoso taken togctlier being longer than the first two caudal seg- 
uioiits, ■whereas in J. Bhopliuidll they are sliglitly shorter. I have 
very liitlc doubt, however, idiat it is referable to this species. 

On ISOMETRUS SCUTILUS (C7. Kooli). 

Syii. lj)'ehas sciitilus, (J. Koch, Die AracJm.xn. p. 3, fig. 962 (1842). 
Isonietms Weberi, Kw'sch, Bvrl.enl. Zeifs.xw'i. p. 184 (1882). 
Isoiuetrus nicssor, Simon, Ann. Gmov,xx, pp. 47^48 (1884). 
Ismneti’us 'Piupstmi, Oaies, Joiirn. As. Soc. Bomhay, iii, p. 248, 
figs. 1 & 2 (1888). 

dVuiasseririi {Gates), vSalanga {Il'iis. Bril.), Biutang {Kocli), 
Java {Pinion), Keeling Island {TJiorell). 

Ti'sere scorn to me fio be very strong groiimis for siivspoctiiig, witb 
Dr. Tlioro'li that I. Bh Ipso id is synonymous with J. sGntilm. 
ITndoubtedly, to judge from the figure and description of the 
the two forms differ in colour ; but those who arc familiar 
with Koclfs worlt will Icriow what confidence is to be placed in 
the accuracy of the painting of the figures and in. the wording of 
tl'so descriptions.' 

In sliape, length of tail arid of appendages, &c., tlie -figure of 
scntilm agrees well with the female of Bhipsoni (of wliieli, 
tlirough the liberality of Mr. Oates, the Museum possesses 
many examples "from Tenasserim) ; and the view that the 
two are identical is niucli strengthened by the fact that the 
Musouni possesses in addition a specimen of IsomMnts {cAniomlj 
co“Specific with the specimens named Bldpsoni) from ISalaiiga, a 
locality relatively so close to Biiitang, whence tlie type ofsoutilus 
came. 

However that may be with regard to soidilns, there is no ques- 
tion that theBritisluMuseum specimen fro’m Salanga is J. 

* Ami. Mas. (Ioeov, (2), vii. p. 525 (1889-1890). 
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Karscli, a- species recorded from tlie SJime loeiiiity, Ooiiscnjiiciitly 
l^hljjsoui is synonymous willi IVaberl. fdoroover, after carci’ully 
CO 111 pa ring Mr. Oatt's’s spi'ciniens with tlie description ofi. incHHOi^ 
Siiiioig I cannot had a single character to Justify ilie s[)ecific 
separation of tlio spociineins named 'Phipso/ii from those iiaiiied 
moBHor. 

I helievc, thereforej tliat the abu\'e synonymy is correct, if wo, 
the species has a fiiirly wide range, oeeiirriug in Tcnassorim, the 
Malay Peninsula, and Java, and, according to Tiiorell, a.s far to 
the east as Keeling Island. 

IsoMimius ilosEi, sp. n. (Pi. XI. iig. 2 .) 

Golotcr: upper surface of tnink, tail, and appendages dull 
black, the iiands, tarsal segments of logs, and vesicle with tinge 
of red ; upper surface of elielieerm shining ; 'pcetincs oehraceoiis ; 
abdominal sternites and aiider surface of appendages with red- 
dish tint. 

Geplialotlioraji) iiiieiy and closely granular throughout ; anterior 
border widely and shallowly ernarginate ; ocular tubercle dci^ply 
and widely sulcate, the median eyes large and so])aratcd by a 
space equal to about half a diameter ; no trace of keels rirun ing 
from the tubercle to the anterior margin, and the posterior keels 
which bound laterally and posteriorly the central cophalotlioracic- 
depression only very slightly developed. 

Tergites lliieiy granuiur throughout ; the first six marked pos- 
tej’iorly witli a median granular keel, the sevcoth marked with a 
short, anterior, median, gmimlar keel and on each side with, two 
slightly oblique granular keels vviricb rnn IVom iiho lujuitir margi!i 
of the tergite to the middle of the 'plah', but do .not in li to in 
front; tlie third, fo'urtli, Iifth, and sixth. tergitoH ,fui‘i,iished pcJS“ 
teiiorly on each side of the middle wilh, a conspicnoiiB i’t'ai,isvi‘,rse 
ridge formed by an aggregation of coarser giMimles. 

Bterniim : four anterior b.isLilcate and almost.' wiuAlly smooth, 
feebly granular only on the side margins ; the iiftii very feebly 
granular and armed with four granular keels, of which tlie two 
internal attain the hinder margin of the plate, w.hile thee,xtornal 
are situated in the middle with tlieir extremities 'far fro,iU'tlie 
anterior and posterior margins. 

Tail somewliat slender, a little thicker at the base 'than at the 
apex ; the intercarinal spaces almost wholly smooth, at 'most very 
feebly granular, the heels strongiy marked but weakly granular ; 
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tlio iirst segment with ten keels, tlie second, third, and fourth 
witli eight; tlic fifth with six keels, whereof the median inferior 
is strongly clevelopod and the superior lateral very fcelile ; the 
superior inediaii excavation in the caudal segments, shallow on. 
the first, becomes progressively shallower from before backwards 
and is almost absent on the fifth. Vesicle with a conspicuous 
])iit very feebly granular inferior median keel and ve.ry faint 
traces of a lateral keel on each side of it ; aciilens slender and 
long, as long as the vesicle ; spine under the aeuleiis strongly 
developed. 

F(ilp.-~-IIiimenis with upper surface very finely granular and 
hounded in front and beliiiul by a more coarsely granular ridge ; 
anterior surface defined below by a feebly granular ridge and 
bearing a few larger granules ; inferior surface smooth, posterior 
surface smooth. Braclmmi with three feebly granular keels on 
its upper surface, a sinootli weak keel on its posterior surfirce, a 
few larger granules in front, and with smooth under surface. 
Hand narrower than bradiium, fiiri,iislied above with two very 
very feebly granular Ivcels, and in front with a few slightly 
larger granules. Jladi/U long, curved, in contact tlironghout 
their extent, neither lobate nor sinuate. 

Leffs. — Oosm smooth ; femora granular in front, carinate and 
granular above and below, smootli behind ; paiellce granular 
and carinate anteriorly ; tihiev also granuLar and carinate, those 
of the two posterior pairs armed distally beneath with a stout 
spine. 

FecUnes extending as iai* as, but not beyond, the distal extre- 
mity of the eoxa^ of the fourth pair of legs, furnished with 20-21 
similar teeth and not provided with an internal basal lobe. 

Silf/mafa slit -like, 

Meastiremenis inmillmetres , — Total length 62: eeplialothorax, 
length 7’5, width 7 ; tail, length 40, width at base 3*5, at posterior 
end of 5 th segment 2*5; 1st segment, length 4*5; 2iid segment, 
Icngtb, 5*5 (of th.e two together 10*5) ; 5th segment, length 8‘8 ; 
vesicle, length 4*5, width 2*4 ; aculeiis, length 8. Palp- 
humerus, length 7 ; brachium, length 8*5, width 3 ; hand, length 
2*5 ; length of hand-back ” 4, of movable dactylus 8*5. 

A single specimen, in all probability a female, from Barani m 
Borneo, collected by Mr. Charles Hose. 

Superficially this Scorpion bears a strong resemblance to the 
females of the black American species 1. ameriemms^ L androcot- 
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toides, and L wdfpns. From tljcwc, liow(‘ver, it may bo at oiiee 
rocognized by its koolless IkiiuIb a.nd {teplKiloi borax and iis spiirrod 
posterior tibiax Of tbe Oricnl'al spinfiCH it appears to come iierirest; 
to J. of Kocli, hni ibo two may bc^ sepa-raicMl hy tboir 

marked difference in colonr, ilie luuubcr of pcctiual i(,u3tb., &c. 


IfilOMEa^RTrS INFITSOATUB, Sp. lU 

Chlour (dry speeimen) very deeply infoscate tlirouglioiii ; 
ii|)per surface of: tbo triaiky tlic tail aboye andbcloWj a.iKl anterior 
surlaec of liml)s obscurely variegated with, fiilvous s|)ots and 
bauds. 

Cepludofhorm-' ligliily emarginate in front, covered more or less 
coiiipietcly , but not particularly closely, with low rounded granules, 
wiiicli are smaller and more scattered on tlic a,ntoocubir area ; 
ocular tuberelo well developed, sinootb a-nd excavated between 
the eyes ; distance between tbe eyes greater tlian a diaiiioter. 

fflsryite Boniewliat coarsely granular ibrougboiit, the granules 
coarser and more cdosc-set posteriorly ; each of the first six 
marked with a rolatively long median granular keel ; tlie sevenili 
with a conspiemous median, anterior, granular prominence a/nil 
two well-developed gTaniilai' keels on cacd) side. 

Siernifes : first two smooth, third weakly granular at ibc sides, 
fourtli weakly granular at the sides and behind, smooth only in 
the middle in front, the fifth weakly grannbu” Ihrougboni ;rml 
furnished with four subequal granular keels. 

Tall robust, sballowdy excavated abovu’j; inferearinal spaces 
very weakly granular; tlie ioriniiml granule of Hkj superior kends 
large and tiiberciiliform ; fh(‘. firsfjjind, H(u*ond suxgments furniHlual 
witli ten evenly graniilaa* ke(ds, tlui median laioj'al of ilu' 
second sogmeni', liowever, being couHiderably xroaker ilian ilu^ 
mt; the third and fourth segments fnruislied, with eiglit, and, 
the fifth ’with, five evenly granular k<3(dH. I'exm/e smooth sibo\’n, 
serially granular beiieatli ; the subaeiiiear tooih large*, iminprc'SHiul, 
and sirirunl with disiijict tubercle. 

JZhwmn/.smveakly granular above Minlbehiiui; ilio supe- 
rior keels iiianifeBt but not coarsirly granular ; anteiaor siiri'aco 
furnished with a few. largo tubercles and bounded below by a 
weakly granular kooL fBraclmmt above fariTishcd w'ith two 
weakly granular keels, subcostate but not granular liohiiid, dcin 
take ill front, smnotb below. Mamu not carinate, roimded and 
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almost wholly smooth. Digits long, curved, in contact throiigli- 
oiit their extent. 

Legs with anterior surfaces granular, carinate ; UMce of two 
posterior pairs spurred. 

Feciines very short and armed with ten teeth. 

Stigmata small and slit-like. 

Meastirenenis in onMlmetres . — Total length 35, of tail 20*5 ; 
1st segment, length 2*3, width 3 ; 2nd, length and width 2'5 j 3rd, 
length 2'7, width 2*5 ; 4th, length 3*2, width 2*2 ; 5th, length 4*7, 
width 2*2 ; vesicle, length 2*5, width 1*5. Palp — humerus, 
length 4; hraehiiim, length 4*5, width 2; manns, width 1*7; 
length of “ hand-hack ’’ 2*3 ; movable digit, length 5. 

A single female specimen in the Museum collection ticketed 
Philippine Islands, from the collection of Mr. Cuming. 

Tins species is very closely allied to L annillafus (Gerv.), a 
species only known to mo Iroin Gervais’s figure and description of 
it, and from tiie cliaracters tliat Mons. Simon lias mentioned in 
his synoptical table of the Oriental species of the genus. On the 
strength, however, of there being in this species of mine no trace 
of the black “ bracelet ’’ of the hrachium and only ten pectinal 
teeth as opposed to cigliteen in G ervais’s type, I have ventured to 
regard it as new. This form most nearly resembles J. armillains 
ill having ten keels on the first t^vo caudal segments, four keels 
ou the posterior abdominal sternite, and at least the last two ab- 
dominal steriiites covered with granules. In the number of its 
pectinal teeth it comes nearest to Amirocionm variegatm^ Gerv., 
from New Ireland* 

ISOMGTRUS AEMATUS, Sp. 11. (PI. XI. figS. 3-8 (L) 

Colour (specimen dried and probably somewhat faded) almost 
wholly fulvous, with feeble indications of fuscous markingKS on ' 
the upper surface of the trunk and limbs; ocular tubercle black. 

GepliaUilioraLV deeply cmarginate in front, thickly covered with 
larger and smaller granules ; the central depression smooth, deep 
bebind ; ' the area external to the tubercle also smooth, as also for 
the most part is the tubercle, the granules at the, summit of the 
sides of the depression forming in the posterior third of the 
cephalothorax an indistinct keel. 

Tergites thickly granular throughout, from the second to the 
sixth with a conspicuous median keel, the seventh with an anterior 
suhgranular median keel and two strongly granular lateral keels, 
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wliercof the extonial extcixtls almost to tlio Jintei'ior of 

the tergitCj and the internal has its posterior graiiiili^ luindi. 'larger, r 
than the rest. 

Sterniies : anterior three smooth, fourtli weakly grmrulai' only 
at the sides, the fifth weahly granular throiighoui; and firniished 
with fonr posteriorly complete, anteriorly a.hbrt^viated gramiL'ir 
keels. 

Tail moderately strong, not elongate, almost |)arallel--si(led ; 
intercariiial spaces weakly granular ; all the keels of the first; 
fonr segments strongly granular; tho first segment fiinrishef! 
with ten eoinplcto evenly granular keels, whereof the foin* superioi* 
are more vStrongly developed beliind than in Front ; tlie second 
segment also iiirnished with ton keels, but the niediaii lateral 
keel is weaker than the rest, each of tho four sujH’rior keels 
elevated behind into a large tootli, these teetli on the superior 
keels greater than those on the superior lateral keels ; third and 
fourth segments funrishedwith eight graxxiilar keels ; tlio superior 
keels of the third developed behind into an enormously long and 
strong erect tooth ; a similar, hut smaller tooth on tlie superior 
keels of the fourth segment; superior lateral keels of tlio i.liird 
bearing distally a large tooth, the corresponding keel on tlu^ 
fourth segment evenly granular throughout ; fifth Hegiuetdi vmi- 
vex above, with a shallow median sulcus, tho superior Ivccls very 
■weakly granular, a few strong granules o,uly (dos(‘ to the xmsiedi*, 
inferior lateral keels evenly gnmular throiighoui; ; iuferior suriaetj 
very convex, the median keel well expressed and si.rongly granular, 
ahnost tiibercular hchincl; in tlie anterior half the graxuileH on 
each side of iii form a single longitiidi'ual series, axid posiexdoriy 
there arc on each side a few irregularly arranged largc:^ tu'berchxs, 
Ve^ilch slender, granular and costate beneath, the •wcil! do 
velopod ; the aculcus of ihc ordimny form. 

Fd;p^ — Ikimerm with tho upper keels granular and tho well- 
developed space between, tliem very feelily granular ; posteriox* 
surface with -weakly granular keel; anterior surface boariug 
several large tubercles and a finely granular keel below. Bniahkim 
above with three wolkdeveloped keels, whereof tho two pmstei-ior 
are only siibgranular ; anterior surface armed wit;h a low largo 
and sharp tubercles; inferior surface subcostato and wea-kiy 
granular. Manm much rounded and swollen, wider tlian the 
braehium, very feebly granular and subcostatc above. Birjih 
long and slender, curved and subcostatc ; ihc immovable digit at 
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tlie lj;iBe Ibeariog a distinct lobe, on tlie distal side of whicli is a 
distinct siniiation, the opposite (external superior) surface being 
convex to correspond with tlic siniiation ; the movable digit 
sinuate and lobate to correspond with the lobe and siniiation of 
the iiiiiiiovable digit® 

Legs strongly granular and costate ; UHcr of two posterior 
pairs armed distally with a spmir. 

Lccimes long, projecting beyond the fourth coxm, furnished 
witli 19 similar teeth. 

MedS'urenients in millimetres, — Total length 43, tail 28; 1st 
segment, length 3, width 3*5 ; 2ik1, length 4, width 3 ; 3rd, lengtii 
4’3 ; 4tli, lengih 5 ; 5th, length 7, width 3 ; vesicle, length 3*5, 
width 2, height 2. Palp — humerus, length 5 ; brachiuiii, length 
5‘5, width 2; inaniis, width 2*5, length of ‘‘hand-back” 3*5; 
movable digit, length 5*7. 

A single male specimen from Port Essington on the N. coast 
of Australia, from Dr. Eichardsoifs collection 

This spccre>s is related to I. varlaiiis, Thorell. The male of this 
last-named form is described and figured in Count Kejserling’s 
‘ Araclinidcii Australiens — Scorpioncs/ pp. 9-11, and figured, 
as also is the female, on pL i. An examination of this llgurc 
shows clearly tlio points of difference between the two species. 
Thus in J. mriaiti'S each of the four anterior caudal segments is 
provided with, a tooth, and the teeth are approxiuuitoly equal in 
size, whereas in J. armatus the second, third, and fourth only are 
dentate and the tootli of the third is considerably larger than the 
others ; again, in J, mriabm there is no Binuatioii in the digits 
such, as is mot within J. armatm^ and the maims is not 'wider than 
the brachiiim ; the maims with its daetyli, too, is much shorter, 
being only slightly longer than the first two caudal segments, 
whilst in J. armakm it is almost as long as the first two and half 
the third. 

ISOMETEUS SEBEATUS, Sp. B. (PI. SI, figS. 4-4 &.) 

Colour (dry specimen) : prevailing colour ochiaceons or fulvous, 
variegated with black ; ocular tubercle black ; anteociilar area of 
ccphalo thorax iiifuscate ; tergites mostly ochraceous, each, excepd- 
the last, marked posteriorly with a lateral fuscous spot on eacdi 

Since the above was written, I have come across a female specimen of ibis 
species, and have figured it on PI. XI. fig, 3. It clilfers from the male in that 
tlio hand and daetyli are of normal form and the caudal spines much smaller. 
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side and a iiiedian wide fuscous patch ; tliis incjcliau jnitch inter- 
rupted on each side of the loediau k(ie1 by a single couH'pieiioiiw 
siibeireiilar testaceous spot; tail iufuscatc bcMu^ath ; legs fuscous, 
variegated witli testaceous s])ots ; iroineraw and 1):rac.biuui Tiuseiu- 
Ming the legs in colour; luauiLs wholly digits iufusiaiio. 

Cq)ImJoihorffA^ eiuarginato in fiauit, fiuel}^ and (dosely 

gniniilar ihroiighout ; idio luediau tlejiri'ssioii deep bcliindj sba.liow 
over the tiil.ierelo, widened behind and in front of it. 

Terr/iies tliickly covered wiili larger and smalliT granules, tlio 
first six, fimiis.lied with a long huh! iau, granular keel, the last with 
a iiicdiaii gramdar keel in its auteiforlialf and hvo long, aniit'rioid}’ 
abbreviated, siib|}araflel, graniila.r Icin'ls on ea.cli side. 

Sfernifes almost wdiollj sinoolli, the last rurnished with four 
long granular keels, wl'ioreof tlie externtil are more coinplei.irilmn 
tlie iiiternak 

Trdl long, slender, and nearly ])arall(iksided ; ujipc^r surFaxa^ 
scarcely excavated ; the iiitereariiial spaces at most very weekly 
granular; the first segment furnished with ten weakly dcni/iculatcs 
keels, wdiereof the media-n lateral is obsolete in front ; tlie scuariid 
and third segments furnishccl witli eight keels similar to those on 
the first ; the tcriniiial denticle of the four sn])orior keels on cai.ch 
of these scgnieiitg very miicli enlarged and bluiitly sjiiirifcKriri; the 
two sirperior keels of the fourth segmeni: almost obsolete, tlio 
inferior keels resembling tboso of the preceding segment; ih(^ 
fiftli segment w'oaklj granular above hut wii.liout keels, llu^ 
inferior keels resembling tliose of tlie preciHliiig segnu.mi. 

Vemde absent. 

Upper Biirface of ]mnwpm\\'\[h two granular k(H,ds, |K:an 
terior surface gra,iiul!i,r and weakly dnutatc^, a;ni.crior siiri’am* 
armed wdiili larger a-nd smaller teeth; h*(fiMum also furnishod, 
wildi larger and smaller teeth In iront, ln;ruish(al wh.h we.akly 
graiiiijar keels iiibove ami below. Mmim . large and remnd, 
subcleiitate in front, subcostato bui; not grannlar above; digils 
long, Blender, ctirvcd and costate, somewhab widely separated at 
the base owing to the deep sinuation of tlio immovable digit ; 
the movable ind; fiinrished witli a basal lobe, 

grauiilarly costatc; inferior surface of the Jkuora diatiiicdly 
and coarsely serrate ; tilioi of two posterior pairs furniBlied witli 
a small apical spur* 
absent* 

MimwemenU m Total lengtli (without vesicle) 
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54, of trunk 17 ; 1st caudal segment, length 5 ‘ 5 , widtli 2’7 ; 2ud, 
length 0’5 ; 3rd, length, 7*5 ; Jlli, length 8*3 ; 5tli, length 9, width 
2*5. Ihdp—hiiuiems, length 0; braeliiain, length. 8, widtli 2*7 ; 
iiianiis, width, 3, length oi: “hand-back” 4'2 ; movable digit, 
length 7*5. 

A, single male specimen from Round Island (near Mauritius), 
colleetod by Col. Pike, IT.S. Consul, and presented to the British 
Miisenm in ].870 by 8ir J.Ienry Barldy. 

Altlioiigli, owing to its dried state and the absence of the 
|)cciines and of the vesicle, a full diagnosis of this specimen has 
been rendered impossible, I have liad no hesitation in describing 
it as tlie representative of a new species. Of all the species 
iviiown to 1110 , it appears to be most nea.rly allied to the Jndo- 
Malayan form J. of Koch* It may, however, bo at once 

recognized from, this by its dilated hand, siniiato .finger, and by 
the strongly spini,iorm nature oi*i,'he teimiinnl tooth, of the siipeih,)!* 
licols on. tiio "first three caudal segments. 

IsowKiMixiB Buu'Dot, Slmoif: (PL XL fig, 5.) 

(Smo'ii, Jlidl, /She. iJcl/j. 1882 , p. Iviii.) 

ihlour testruicous or ocliracieous, variegatml wit/li black 
fuvseous [uxtehes, spots, or lines. (,k.^|)balolhoi'a,x, witli ocular 
tubercle and aiiteocular area, iufuscatts a mure t.n* less inter- 
rupted, longitudinal, fimeoiis band runs from the area of tins 
lateral eyes to the posterior imirgiii; the posterior ],ialf of the 
sulcus fuscous ; the poster o-latoral portions Imarlng a pateli of 
black ■which coiTospoiuls in pos,ilion to a pateli, o,n (*.acl'i of the 
tergltes ; on the sidc^^s are two (jt three oblique, sliort, fuscous 
bauds. surface of tlie abdonioii bearing three paralicd, 

lougitiicliiial, fuscous bands, wliereof one is median and one on 
each side ; the median band more ov less completely divided ini.o 
two by testa(‘.eouB s|_>ot wliicdi <"iccu[>i,es the centric of eacli torgiii^ ; 
the lateral bands, also, mon,^ or less brolcen up by testaceous ; 

sides of the tergitc^s, except fur a single anterior l.)jae!v s'pot, 
testaceous; under surface of trunk testaceous, the posterior 
stemite only being slightly infuscate laterally. Upper surraco 
of the tail mostly pale, sometimes "with a median fiiseoiis spot on, 
the segments ; the sides and inferior surface clouded with fuscous 
or black patches ; the under surface and sides of the ‘fifth seg- 
ment uniformly fuscous ; vesicle mostly fuscous, witli more or 
less faint traces of pale lines ; acnleus ])aler externally tluxn 
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distally, 'Upper surface of clielicerto infiiscafo. Pulp, wit'li 
Ininioriis, pale, beneath, marked ahovo by a medinji baud ; 

bracliiiim iiifiiseate above and below, doopcu* in lint nbovc^ ; nuiniiw 
testaceous; dactyli fuscous, with tcshiceons tips. Anierior 
surface of legs variegated ; femora marked 1>y two spots ; ]>ui-cdl;e, 
tibiae, and two tarsal segments each mn.ricod proxima-lly by a 
fuscous band. 

Gepli cdotliorm- widely cmarginato in front ; the median snlmis 
deep bcbiiid, shalkn? over tln^ ocular tubercle and in front: ; t lu^ 
aaitcocnlar area, finely and closely granuhir tbrougboni:, tlie pos- 
terior regions niucli more coarsedy granular; ocular t.ubend(‘ 
(iiudy a.nd sparsely granular. 

gi^aimlar throriglioiif. ; excerpt llu' last, nmrked wii.h a- 
median posterior grannlar keel : tbo la.st marked in fi‘ont with n 
median, rounded prominenco and on each si(l(,^ with t:wo coarsely 
graniifar keels. 

Stemifes smootb, very sparsely hairy ; tlte posi'{'Tior wl(Ju)nl.: a 
trace of keels, very fidntly grnninlar at tlio sides. 

Tail robust, thicker at the base than at the apex, mothn’af idy 
excavated above, finely granular at: the sides and a.lH'5Vo and, on 
the posterior Begme:iits, beneatli ; the fu'st segmeut markcul witis 
eight granular keels, the two iirferior keels being obsoleto aiul 
Idle median lateral keel well-developed; tlic second also has the 
inferior Iceels obsolete, and the median latoi*a,l kiH‘l not developed, 
or at most but slightly represented; the third and fourth seg- 
ments marked with eight keels; tlm fifth with, live keek; the 
four superior keels of the first fotir segments verry st;rong1y deven 
loped aiid tenninatirig in a longer tooth; thc^ superior loads ol* 
tlio fifth very finely and evenly granular i.lironglmniu 'VcHirla 
very Bleiide.r, smooth above, Bubscrially granular or tuimrcnhir 
beneatli ; spino bonoath tlui aculaus strong and siiinilo. 

Superior and anterior surface, ‘s of Imrmrm fnicly aiiui 
closely granular, the posterior, two sii[3erior, and a.ut:c5rohulcrior 
keck strongly granular ; the untorio:r Burfano tubercular and the 
inferior surface minutely granular proxiinally. ' Bmdiim costaie 
and very sparsely granular above, tubercula,r in front, smoo'tli 
behind and below. Manms rounded and almost smooth, f u.rBisli(,Hi 
only on the anterior border with one or two sharp tuberedes ; nar- 
rower than the braebium. JDacti/U long and curved; the largcn‘ 
lateral teeth set close together on each side of tlio main series. 

ClieliGerm with movable dactylus armed above with three, below 
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\vii,ii two teeth ; the tooth on the inferior edge of the immovahle 
dactyl 11 B well developed. 

Ije(j.s ill front granular and costate ; tibue of two posterior 
pairs spurred beneath at apex; co.vce smooth. 

l^exliues not extending beyond the extremity of the fourth 
eoxiOj furnished with seventeen similar teeth. 

Si'i'f/ mn tu slit-li ke . 

Measurements in millimetres. — Total length 40 ; cepiialotlioraxj 
Iciiglli 4*5, width 5 ; tail, length 13*5, of first two segments 5*5, of 
5tli sc'gincnt 5 ; width of 1st segment 2*7, of 5th 2 ; vesicle, length 
2*7, wiclfcli 1*5. Palp— liumerus, length 4 ; bracliiuin, length 4-4, 
width 1*S; manus, AvidtU 1*4; “hand-back,” length 2 ; niovablo 
dactyl iis, length -I'G. 

Two specimens, both, apparently females, sent by the Univer- 
sities’ Mission from Lake Nya,ssa, and a third spocinieii, also a 
female, taken at Taveita (Kilima Njaro) by Mr. F. J. J’acksoii. 
This specimen from Kilima Njaro differs in some slight parti- 
culars from tliosc coileclod near Lake Nyassa, wd.uch have hocn 
described above ; thus tlio inferior surface of the tail is much 
more deeply iufuseate ; the inferior keels of the first tw^o caudal 
segmculs and the superior keels of the fifth are more strongly 
developed ; the vesicle is more coarsely granular, and there are 
only fourteen peciinai teeth. 

This species may be recognized by the absence of keek on the 
last abdominal stornite. 

IsOMEl’nirs ASUEE, sp. 11 . 

Colour deeply iufuseate, variegated with fulvous spots and 
bands ; ocular tuhoi’cle black, anteocular region spotted fulvous, 
lateral and posterior regions of the cephalotliorax marked with 
oblicpiie black and fulvous bands; the middle of each tergite 
marked with a black T-shaped spot, the cross-bar of the T run- 
ning along the posterior margin ; the i^est of the tergites marked 
with six irregular-shaped, more or less interrupted longitudinal 
fulvous bands ; two of these bands are situated on the lateral 
margins and oacli terminates on the posterior margin in a more 
conspicuous, subcircular, fulvous spot, so that the posterior 
margins of the tergites are marked with six yellow^ spots ; tail 
variegated throughout, the fulvous tints taking the form of well- 
defined subcircular spots; upper surface of humerus and brachium 
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siluiia.rly inarkod witli fiilvosiw s])(,)ls ; luviul iirfiiHcalo, juhI adoriK'd 
wil;]] black liiicH; daclyli wliojly fulvoiiH ; itijirkcil wilii 

tKiiiiwrorse black ; tlie last ter.o‘il;o and ilso po.sfcrior iiJilf of’ 
the oiu? i/lKii |),recedort il; inriascatu juitl wpuiloal willi yellow. 

GffJudolIwrinv (iliickly and coai%selj <^TaiHi’laf* iJiroiicdioid/ ; tJc' 
central dcprofc^wio II dee])!y marked boh iud,;s 'hallow ovcM'i.hc i.ubiTcle 
and ill front; tlie eentro of tdm tiiln'rolo mnooiii, the idtk's reedtiy 
granular ; antewior margin crcoplialuthorax more dcaii'ily <i’vem’‘aied 
in the mid (He. 

Terr/iUs (‘oarsaly and (dosedy grainiiar thrmiglinni, tlin iir.si' 
iix with a widhdiwcloped imalian granular luud, tlu‘ laid^ wiili 
a median graiiidar promimmec and two laUnid gninn’lar kr*els 
oil each side. 

SternitoH : first throe smooIJi, the fourth granular at ilu^ sides, 
the iiftli graruilar tliroiighoui, marked with two iiiteiiial, auto 
riorly abbreviated, granular kecds, and on i^ne'iL side a short 
external granular koe! abbreriated anteriorly and imstc'rioidy. 

Tail of inediuni size, moderately exi-avated above : i!it(*rcari!ial 
spaces granular; keels well developed and gruinilar ; ilu? Iirsi; and 
second wogment witli ten keels, the third and fourth wiih eight, 
the fifth with five; terminal gmiude of the superior keels tlu^ 
].aj‘gest; npfier surface of ilie fifth segmeni; almost Hat. 

Vedcle marked beneath wiili five rows of gramihm; the spine 
large, sharp, and compressed ; acnlens of tlua ordinary rorin. 

Upper surface onmmerus eoarstdy granular throiig'lmuj; 
and bounded lieliirid and Indbi'e by a coarsctly graiUnhu* rldgi? ; 
posterior surface nuirked witli a grannhu* keel; animior surface 
coarsely grainihir in its upper 1ml f, hounded below 'by a liiitly 
grariuhir ridge ; very finely granular lienealh. lifudiuni wi^-ikly 
granular aborts, but furniHhed with three granular keels, InlanN 
eular in froni:, almost smooth, below, ma.rk<,u'l iHdfind tiy a s!noof,h 
k:ecb Ilund almost smooth, furni.slmd in iVont with a fmv low 
weak tuberdcs, and above wiih a sliort nories of HUiall granule's 
which, appears to be the coniiinuaiion of a keel on the iini:m,)val)le 
digit; long and curved, in contact ■ throughout, ndilicr 

Iqbato nor sinuate. 'Anterior and upper surfm,!C of the kys 
granular and granularly costate ; iiUm of last two pairs armed 
distally wit,h a spur'; Goxm smooth. 

Pectine^ short, furnished with 14 similar teeth. 

,'The male differs from' the female in ' being more elongate (cjl 
measurements), in having longer peciinal teeth, and tlie superior 
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keels Oil tiic Hftli caudal segiuoiit less developed, and iiitlie slight 
basal separation of the dactyli. 

Measurements in millimetres, — Total length 30; ceplialo- 
thoraXj leiigtli 3’5, width 3'8 ; length of tail 17*3, of first two seg- 
ments 4*3, of fifth 4*5, of vesicle and aculeus 4*2 ; width of first 
segment 2*2, of fifth 2 ; length of iiinnerus 3, of hracliium 3*7 ; 
width of brachium 1*4, of mauus 1*2; length of ^‘hand-back” 
2j of movable dactylus 3*5. 

d . Total length 36*5 ; cephalotliorax, length 3*8 ; length of 
tail 23, of first two segments G, of fifth G, of vesicle and aculeus 
4‘2 ; width of first segment 2*2, of fifth 1*7 ; humerns, length 3*7 ; 
brachium, length 4*5, width 1*5, of manus 1*5 ; length of hand- 
back ” 2*3, of movable dactylus 4. 

The Museum lias two specimens, a female from Angola (Dr. 
Welwiiseli), and a male from the Congo, collected by Andrew 
CuiTor, Esq., vSurgeoiiE.N. 

This specichs appears to be allied to THijiis clatlir cities ^ C. Koch, 
a species from the Cape of G-ood Hope, which is very likely refer- 
able to the genus Isometrics. But in T. clathraUcs the superior 
caudal keels arc much elevated and strongly toothed. 

I can make iiotbing of the description of L^chas maliUanus^ 
‘Rochehrune This species is recorded from Gambia and declared 
to bo differont from Lijelias ffahonemis {= L mamlatus^ De Geer). 
At all events it at least differs from J. uspe?' in having twenty 
■pectinal teetln 

EXPLANATION OP PLATE XI. 

Fig. L kemeJms (rlmnnakis^ 8xmuu, c?, nut. sizo. 
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^Fcrat;(>I()glea;l Evidcaioe Jis l;o Uio 'JTcrodity ol: Aciifiinal (.\)]iili» 
iioiis. By Bmim’rajvi; 0 . A. M-l)., ProfdyKu}’ 

of Anatomy in tlic Queen’s Oo’llegci, 'Birinijighaiii. (Ooiin 
inm.iica,tod by E. B. Poui/roK, ’M.A., "If.E.S.j Ei.S.) 

[Boat! 7th lAbruavy, 1.800.] 

Ilni'i subject of congenital mulforiimtions is one wl.uclg strangely 
iMiougli, has met willi but little notice amidst the mass of evi- 
douce whicdi has been brought forwatalj on one, side or the other, 
as to ilio ij,Biis:iiiissibility othiC('|uIrc(lcluu*actc.i‘s, a (|ucsti()!i wliicli 
lias pro voiced, and is provoking, so niiicb conlrovoi'sy. 

I'iet it is ceri'.ain that the conaideratioii of the question Jtoui 
ii.'S teratologica’l aspiect ought to be of some service, since, in the 
first place, there arc two groups undoubtedly auiongsi; conge, nital 
luaiforma/tions, blaBtogonie and somatogenic, to use Weisinaim’s 
terms, tlioiigli it may not always bo easy to assign a given defect 
with certainty to either. And, again, it ought to lie [lossilile to 
throw some light upon the difficult question of the origin, deve- 
lopiiieni, and fate of a variation, Iroui the copious iiiasH of lite- 
rature wliicli exisi.a in relation to t(n,uitological It secuus 

probable that the reason wliy this iLoldl,ias been so little explored 
i,n the present connection, is that the etiological sideoE teratology 
has, up to the present, been so iniicli neglectccl. Professor 
Clelaiul, who lias done so tmieh for tlie study of ih,o subject in 
tlris country, lias '\'ory aptly reimirked that teratology should 
1)0 dciin(‘d as jiatliological embryology.” .Before, however, 
mucdi practii^ai information ta,ui he gatluTcd Irom the sulijeci, it 
.is, aliove all, things, necessary that its (d,asaif!cati(.m. Hliould be 
anainged. 'UjiOTi an etiological basis, dim- aaitlior just quc„>teil 
remarks in au CKSsay on. ‘^Teratology, Speculative and. C.hiiisal, 
and the Olassilicatiou of Abnormalities — “If the advantage 
which hiological doctrine has hitherfcc.) derived .from teratology has 
not been great, the reason lias lain, not i.u tlie bar:i,*cJinesB of 
the toratological field, but i,u ilie small a.mount of progress 
made ill determining the true nature of toratological pheno- 
mena. Even after the old concepition of Imm mimm had liceii 
thrown aside, the most imperfect notions eontinuetl to prevail 

‘ Momoirs and MouiomaiU in Anaioinyf voL i. 1S81K 
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both with regard to abnormalities by excess and many of the 
more important abnormalities by defect. But we have now 
arrived at a time -wlieii no thoughtful enquirer can be longer 
content with merely cataloguing deviations and bestowing upon 
ilieni sesquipedalian names such as were perhaps justifiable in 
the days of the eider St.-Hilaire. Investigation lias entered 
upon a more strict!}' causal stage; and, to nir thinking, it 
becomes evident that teratology has an important work before 
it ill relation to biological science generally, by demonstrating 
the presence of potentialities wdiieh in the normal organisin lie 
dormant, but nevertheless must exist, or tliey could not in 
exceptional circumstances show their presence.” 

In the present essay inj intention is to examine tlie recorded 
groups of hereditary malformations, with a view to ascertain 
their nature, so far as may be possible, wlietlier blastogeiiic 
or somatogenic. In order to do so, it veill be necessary, how- 
ever, for me to preface this portion of my paper with a short 
account of the groups into which malformations should be causally 
arranged. At the conclusion of the maiii part of tlie paper, that, 
namely, which deals with hereditary malformations, I shall add a 
few remarks on certain points in coimection with the causation 
of malformations which have not, I think, up to the present 
received sufficient attention. 

I may perhaps here state that this paper was not under- 
taken with a view eitlier to support or to oppose ‘Weisinann’s 
views. My desire has been to examine the subject from a terato- 
logical standpoint and to record the result of mj observations. 

Section I,— Varieties op Maleormatioks. 

As has been' already suggested, any etiological classification of 
anomalies at the present time must be more or less tentative ; 
yet I believe we may reasonably strike a line of division between 
t wo great groups, each of which may be again subdivided. The 
first group consists of malformations which are due. to some error 
in the amount of formative material, and the second of those which 
are not. The former group may be spoken of as non-mechauical, 
and tbe latter as mechanical, provided it be understood that these 
terms are not used in the sense in which they are applied to the 
ordinary occurrences of development by His, "Weismann, Eons, 
and other writers, Errors of material may be in two directions, 

LIHU. JOUIiK.— ZOOLOOY, VOL. XXIIT. 32 
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vix. iiXL‘(i‘d6 or defect. To tlio former eians belong double iiion™ 
stroaitics, complete and incomplete, unilateral or partial liypor- 
fcropliies, and excesses such as poljulactj^ly (at i(3ast tlie majority 
of cases), polymastia, with others, often not rocogaiized iinless a 
dissection happens to be made, such as accessory carpal bones, 
spleiiculi, &c. Having discussed tiie sources of this excess of 
material in a former paper’'''’, I shall not delay hero further on 
that point. To useWeismanids term, malformations of this class 
are, with probably very few exceptions, inherent in tlie germ or 
blastogonio. Dciicioncy of material leads to dofoet of size or 
parts. Tims, to this group belong dwarfs and some cast's of 
ectroiiielia, ectrodaclyly, micro phthalmuB, and auophthalmus, with 
•possibly most of the non-inceliauically caused clefts, such as 
cleft-palate, persistent branchial cleft, and eoloboma oculi. How 
is this deficiency of material caused ? I believe in at least two 
ways (1) By faulty segmentation during the extrusion of tlie 
polar bodies, wliereby too much formative inatorial is got rid of. 
(2) By the very early destruction by some morbid process of 
early segmentation-spheres. Boux’s experiments, 'which I liavo 
quoted in my paper already nientioiied, and an account of which 
will also be found in a recent address by Mr. Boulton f, show 
that even the first few lines of segmentation cut olF iriorphological 
area>s the destruction of any one of •which would lead to the Jion- 
dovelopinent of the part which it was destined to form. It is, 
of course, possible that to the two preceding causes slioiild be 
added that of an original ])ancity of material in ovum or s])er“ 
niaiozooii prior to 'tfic extrusion of the polar bodies, Tlie iirsi; 
and last causiss would be inliercnt in the germ, and therefore 
blastogoijic ; but what of the second? Eiuly tliough it occurs, 
it can scarcely bo looked upon as other than somalogcnic in its 
nature. The effects, howev^T, may nol- be distingiiishablo from 
those due to the blastogenic causes mentioned. Hero, of course, 
the cli'fficulty of discrlminatiou renders any inferences difficult 
and dangerous. The second great group of mecliaiiicai malfor- 
mations is obviously entirely somatogenic in its luituro ; and the 
only dubious point coimected with it is the difficiiity of doter- 

# '‘The Origin of Double Monstrosity,” Journ. ofAiiat, anti Bhys. vol. xxiii, 
p. 390. 

t Theories of Heredity.” An Address, reprinted from the ® Midland Natu- 
nhstyNow 1889. 
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milling in all cases wliether a given defect belongs to it or to one ot 
tlie other diyisions. This group may be divided into the following 
classes-: — (1) Clefts of various kinds, due to the presence of 
tiiinours or to fluids consequent upon inflammation. Certain 
forms of cleft-palate belong to the former category, abdominal 
and spina clefts to the latter* (2) Deflciencies of extremities 
&c. due to inflammation of tissues leading to formation of fibrous 
tissue, its contraction, and the strangnlation of growing parts. 
As examples of this may be named certain forms of peromelia 
and (?) atresia ani. (3) Deficiencies due to aniniotic pressure. 
(4i) Deficiencies due to adhesions of the amnion Ac., including the 
so-called intra-iiterine amputations. Having thus very briefly 
sketched the main lines of classification, it will be necessary in 
the next section, as each malformation conics up for examination, 
to consider at greater length and in more detail its special 
etiology. 

Section II. — Nature op Hereditauy Malpobmatio^^s. 

In this section I purpose examiniug those malformations whose 
hereditary nature is established, seriatim. In connection with the 
etiology of each will be considered its nature, w-liether blasto- 
genic or somatogenic. I >shall have to draw largely from a former 
paper of my own ‘Tin Congenital Malformations and Heredity 
in which are collected a number of recorded cases of such mai- 
formatious, but without reference to their etiology. It will be 
convenient in the subsequent part of this paper to group the 
malformations under the classes which have been indicated in the 
first section. 


Part 1,-- Malformations hy Uxeess, 

Tiic most important members of this group, all the forms, fchab 
is, of double monstrosity, have to be entirely excluded from the 
pi’esent inquiry. An enormous majority arc non- viable, or only 
^ maintain a separate existence for a few hours or days ; and the 
remainder are, even if married, sterile. The same remark applies, 
as -will appear later, to most of the major and even to some of 
the minor forms of abnormality. We can, however, with profit 
examine two classes of cases not commonly grouped under the 


32 =^ 


Proc. Birm. Piiil Soc. yoI. vi. pfc. L 



452 


PRO'F. E. C. il. wmOTJ*- ON TRRATOLOG-ICATj EVIBENCE 


head of malformations, and yet closely allied to Double Monsters, 
viz. Griaiits and Homologous Twins. According to the views 
(3xprcssed in tlie first section, a little more foi'iiiative material 
])kis equivalent division^ or even the latter alone, would transform 
the giant into a double monster, or tlic latter into a pair of lioiiio” 
logons twins. A few notes, tlicn, upon these two groups are 
quite pertinent to the subject in hand. 

QkmU . — These arc generally sterile, according to the best 
authorities. I. (:h Ht.-Hilaire says of them Ils sont ordi- 
naireineiit iiiipuissants, ct sont tres promptemont cnerves par les 
p 1 aisirs de F ai nour . Lo defaut d’apt itude dcs gcant s aux fonctions 
generatrices no saiirait etonner chez des ctres epuisds ct allaiblis 
par la rapiditd et Fexccs de leur accroissenient.” And in a foot- 
note lie adds, “ choz quelques gdants, rercctioii cst iiieinc ]n.‘esque 
completcinent impossible.” Topina-rd t agrees with St«-llil.a;irc 
on this point. Again, gigantic children arc goiicrally still-born 
when the mother is of the ordinary size. Idnis, I)r. Parvin t 
states “ Some women, though their labours arc at tlic iiormal 
period, give birth to children whose groat dcvelopincut presents 
a more or less serious obstacle to labour, and still-births are not 
unfreqnent.” Kormaiin refers to a case in wliieh the child pre- 
senting by the breech was still-born, and weighed 9’8 kilos, 
(noniial weight 3-4 kilos.). 

With regard to the frequency of occurrence of largo foetuses, 
J'aggard says § : — Variations in weight at term between six and 
nine pounds arc by no means rare — an infant over nine pouiuls 
is not common; -while heavier weights !ire progressively rarer. 
Out of lOOl) infants, Dr. Parvin saw but one tliat weighed elevoii 
pounds (JfarviiFs Obstot. p. 13S). Of I15(? infaiii/S born in tlie 
Maternity Hospital, the heavk^st weigluHl 12 'pounds.” (lianis 
thus rosembio double monsters in rarity, non-viability, and 
stenlity. Instances arc, howevex*, on incord where giants have 
borne gigantic children. Mrs. Bates was 7 ft. 9 in. in height, 
ivnd her husband 7 ft. 7 in. Bhe boro him an infant wlvich weighed 
23f pounds (normal av. 7| pounds) ; its heigiit was 30 inches 

^ * Anomalies do rOrganisation/ vol. i. p. 183. 

1' * Blemonts d’Anfclivopologie generaief p. 436. 

t ‘ Ainerioan System of Glyiiocology and Obstetrics,’ voL i. p. 753. 

I ‘ Amei'ican System, ’ vol. i. p. 214. 
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(normal 20-21), breast measure 27 in., bead 19 in., foot in. 
The liquor amnii amounted to 5 gallons, and the secmidines 
weighed 10 pounds. Again, the ISTova-Scotia giantess, according 
to Harris boi’e a child which weighed 28-| pounds. Thus 
giantism, if the word may be coined, is, or may be, hereditary. 
Moreover, as St.-Hilaire remarks, the brothers and sisters of 
giants are generally of large stature ; they come, in fact, of tall 
families, to quote the popular phrase, embodying the popular 
belief, correct in this case, of the heredity of stature. Is this 
variation blastogeiiic or somatogenic ? I have no hesitation in 
assigning it to the former class. If it he urged that the con- 
dition is due to the superior nourishment of the child by the 
mother whilst pregnant, and is therefore hlastogenic, I would 
reply (1) that gigantic children are not necessarily the pro- 
duct of w’-ell-nourished mothers ; for, were it so, by this time our 
Eoyal and some of our noble families ought to be like children 
of Auak j and (2) that giants are at birth not always larger 
tha!i ordinary children. They possess the potentiality of great 
size, a potentiality wdiich is, I believe, inherent in the germ. 
Cohiiheim puts this point of the potentialities of groAvth so well, 
that I shall quote his own -words f: — Eer Heugeborene bringt 
niclit die Gesclnviilst, sonderii lecliglieli das iiberschiissige Zell- 
material mit auf die Welt, aus dem uiiter gtinstigen Verhalt- 
nissen spliter einer Gesehwulst herauswachsen kanii. Nm 
mdchte ich noch einmal nachdriicklich bitten, das Sie Sich iiicht 
7 Ai sohr an dem Wortlaut dos ^ iiberschiissigen Zellmaterials * 
biiiden wmllen ; vielleicht ware es selbst richtiger, statt dessen 
von demjenigen Material zu sprechen, welchcm die Potenz zu 
spiiterer Gescliwulstbildiiug beiwobnt. Deim auf diese Potenz 
kommt es an, die iibrigens keine andere Eigenschaft ist, als 
wie so ungemein baufig bei der individuellen Vererbimg iind 
Eiitwicklung sich geltend macht. Wemi bei dem Soliii eiiies 
langnasigen Yaters die bis tiahin vdllig proportioiiirte imcl ganz 
unaiiffallige Nase im 8 oder 10 Lebensjalir odernoch spliter grosse 
Dimensioiieii aiinimmt iind ungowbbnlich lang wird, so zweifelt 
Niemaiid daran, dass die Potenz zu diesem ’W’achsthiim von 
Anfang an in der Hase existirt hat — obschon die sorgfiiltigste 
und genaueste miliroskopisehe Gntersuchiing in den ersten, 

* New York Med. Eecord. 

t ‘ Allgomeine Pathologief Bd, i, S. 740. 
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Lobciisjaliren aiiaser {Standc gcweseu sein wiirde; joiic Poiciiz 
aiifzudeciken,” 

In tlic same way the cliilcl-^^iaiit brings into the world with 
liini tlic potentialities of his stature and size. (),u tlie otlior 
band, it may he urged that post-natal noiirisliinent may be the 
factor: and Eishop Berkeley’s giant may be cited in confir- 
mation. To this it may bo replied, that post-natal nourislmioiit 
can affect the height only within very narrow limits ; for other- 
wise there would be none but dwaids in those parts of Ireland, 
for example, wliere potatoes and seaweed ar(‘. the staple foods, 
and none but giants amongst the classes whose circumstanetis 
have been easy for generations past. And, as fiir as MHlrath 
is concerned, the instance is an isolated one; jind there is no 
evidence to prove what the unfortunate man’s stature iniglit^ liavc 
been had he not been subjected to the episcopal tender mercies. 
On the whole, tlicn, I tliinl?: it may be said that giantism, is an 
occasionally hereditaiy' condition, blastogonic in its nature. 

Somologo'm Twins. — It is an unfortum|.tc circumstance that 
the confusion which has existed with regard, to true or homolo- 
gous twins and the other fo.rm, vitiates all the statistics as to 
twdns, so far as I have examined them. True twins, which 
arc ahvays of the same sex, enclosed in the same membranes, 
generally strikingly like one another, and the product (.)f o.iie 
ovum, «are of course totally different from twins the product of 
two ova, enclosed in separate membranes, not Bccessarily of the 
same sex, nor morci alike than children of the same fiimily are, or 
maybe. This fact has, however, not been taken, into accomit/ 
by those wlio are responsible for the statistics of twins ; and it 
is consequently impossible to say wlietlicr tin^. tacts obsevrved 
rohiitc to both classes or only i.o one. Sulrjt’ud; tmihis rcscrvatioi], 
it may bo sai.d tliat the bearing of twins is certainly lu-^reditary-— 
“ runs in a family,” as ihi‘ phrase has it. This is also true of 
multiple births beyond the number of two. Thus Osiandert 
gives a ease where a woman, herself a twin, -was the mother of 38 
children, and died in childbed after delivery of twins. One of 
her daughters, who tvas horn with three others at a birth, had 
82 cliildreii at 11 conlmcraenls. The following statistics given 

* ‘ Philosophieal Buiwey of Ireland/ London, 1777, p. 187. 

t ‘ Hanclb. d. Entbindungskimst/ 1 Th. 1 AUh. S. 319. Q.ooted in Idinb. 
Med. Joann vol iii. p, 1143. , 
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by Ga^blert are of interest in this connection. He first gives a 
table, from amongst tbe cases which he bas collected, of the pairs 
and sexes :■*— 


No. 

SimiijAE. Two males 61 

„ females . . 52 


Dissimilar 92 

Total 205 


Male. 

Female. 

Per cent 

122 

.... 

29-76 

.... 

104 

25*36 

92 

92 

44-88 

214 

196 

100-00 


111 examining this table it must, of course, be remembered that 
the first two lines need not necessarily relate solely to homologous 
twins. It is quite as possible for two children, of the same sex, 
yet not true twins, to be born at a birth, as it is for two of 
diflbrent sexes. Passing to the subject of heredity in twinning, 
GoDlilcrt states that there is a direct heredity from twin to twin 
as well as an indirect. That this is not more observable is, he 
remarlcs, due to the fact that so many twins die in childhood, 
only seldom reaching maturity, and, of course, then not always 
bearing children. He believes that in 132 of 192 cases selected 
from. Eoyal pedigrees which he carefully examined, the influence 
of heredity was to he observed. The figures are given in the 
subjoined table : 



From Fatliei*. FroDi Mother. 

Pai,rg. 

Direct inheritance . . . 

5 

11 

16 

Indirect „ 

57 

55 

112 

Direct and indirect . 

62 

00 

4 

132 


All that can be said is, that it is at least highly probable that 
the production of true twins is hereditary. 

I have stated that twins are not usually regarded as abnormalities ; 
yet the two are mncli more closely related thanis generally thought. 
Dr. Mitchell t shows this clearly in a paper, the conclusions drawn 
in which are (1) Among imbeciles and idiots a inucli larger 
proportion is actually found to be twimborn than among the 
general coiniiiunity. (2) Among the relatives of imbeciles and 

* “ Die ZwilHiigef ’ Tirehow’s AreMv, Bd, 76, S. 457. 
t Med. Times & Guz. Nov. 15, 1SC2. 
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i^liots twinning is also fouLid to bo very frequent* (3) In families^ 
when twiiiiiiug is frequent, bodily deformities (of defect and 
excess) likewise occur with frequency.” Tliis last conclusion 
points in the direction of the blastogenic nature of twinning. 

Those wdio hold the opinion that the mother’s state of 
nutrition moy be a potent factor, may derive some support 
from Dr. Matthews Duncan’s conclusion, drawn from numerous 
statistics that the largest number of twins is produced by 
women of from twenty-live to twenty-nine years of age t ; 
and on each side of this climax of fertility in twins tlicrc^, 
is a gradually increasing falling” oif in tlieir number a,s a-ge 
diiniiiishes on the one side, and increases on the other.” That 
nutrition has at least a large influence in the determination of 
sex, is a proposition supported by Greddes and Thomson % ; and, 
as they appropriately ask, and the question rniglit equally apply 
to the subject of twins, were nutrition proved to be a factor in 
its production, “How does Weismaiin explain the determination 
of sexj w^hicli illustrates an outside influence penetrating to the 
reproductive cells ? ” It may just be aioted, in connection witli 
tliis subject, and with the last-named authors’ view that superior 
nutrition tends to the production of the anabolic female sex, that 
the larger number of twins belong to that sex. To sum up tliis 
subject, it must uiifortiiuately be said that heyond the statement 
that twiimirig is hereditary, it is impossible, in the present 
chaotic state of statistit-.s on the subject, to dra\r any dolinito 
coi'udiisioiis in favour of eitliei’ side of the argument. 

Having disposed of tliese points, I may :n.ow proc'eotl to the 
other malformations partaldng of Ihe nai-ure of excess. 

This is one of tlio most strongly 'hereditary forms 
of malformation. Broca § and M^KcUar|| have both recorded 
eases wdioro it has |.)asse(l through six goiierat ions, and Muir 
Olio through five. One of the most completely recorded cases 
is that by Glemeiit Lucas, which is here reproduced (p. 157)*^^*. 

* ^Pe(5nnchtytFci'ti(hy, and Storility^ (Edinb. 1871), p. KXt 

t S’ iitril ion being probably at its best during tlioso years. 

I ‘ The Evolution of Sox ’ (London, 1880), p. 53. 

I Acad, do Med. Paris, quoted in Loud. Med. Bec, voL vi. p. lU, 

II Glasgow Med. Journ. May 1870. 

^ Ib. voL xxi. p. 420. 

Guy’s Hospital Eeps, voL xxv. Abbreviations: T,=:toes; lh=fingcre 
oa.=both members affected : s.p,=:8ine prole ; x =:affeeteci 
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It if? no exaggeration to say that scores of minor ca«es 
iniglit lie cited were there any advantage in doing so It is 
more important to consider the etiology of the affection. Th(3 
different forms may be classiffod in various ways: Gaillardt, 
for example, dividing by the amount of excess present, a some- 
what important factor, as will appear. Thus : 1st. The finger 
is only bifid, artieiilating wnth the metacarpus by a, single head 
Slid Two fingers are placed in juxtaposition, being articulated 
side by side, only one articular capsule sniTOiindiiig the liead 
of the metacarpal bone. 3rd. Earcst : the supernumerary 
finger is entirely isolatefl, and implanted on. a special ariieiilar 
surface of the luotacarpins, the sirperfluous part being almost 
always a thumb or great toed’ Or, again, superfluous fingers 
may bo classified into marginal and central — tliose, that is, eoii- 
Tiected witli the edge of the thumb or little finger, and those 
connected ■with some other finger. That these are different in 
their nature has been recently pointed out by Kollmann Ho 
says Moine Eudimenttheorie nur den ulnaren und radialen 
Strahl (Vordaamen ” [this had been previously described as prai- 
pollex by Eardelcbon] ‘‘ und doppclten Ideiiien ’Finger) als Hyper- 
da ktylio verstiindlich maclien soli ; anclere Arton cler Hyper- 
daktylie gehoren bis aiif weitcres in das febiet der Teratologic. 
TJni MissTerstiindnissen vorzubeiigen, wiodcrholc ich cleslialb ; Es 
giebt keiue Htapedifera mit mehr als f iinf Eiiigern, aber solelie 
mit fitiif Fin gem und mit 8puren ei!n.3S ulnaren. und radialen 
Strahles (Menscli, vide Siiugcr, E(^piilio]i und Bainaclncr). 
B,iesc? Spiiren liogon oft als sehwt'r ('rkeniibaro ]:h,ulim(mte 
nnter dor Ilaiit. In FiilJen von 'Hyperdaktylie dcs Mciisclicii 
vergrcisBorii sieh diese Eiulimente und troion vc:rscl!iodo,n 
entwickelt aus dor Haut hervor. Her Kfiidcsililsig aus die.scm 
Eudiineiiten liefert wahrscdielnrudi sleds nur Eudimente, d. i. 
vorkiimriicrto Finger, 1 ly perda ktylie isi; k(‘inc |){itho]ogiHche, 
Boiidern. cine t,heroinorpho § Brschoinung und weist snif (o‘nc 
Ecdiiktioii von Strahlcn bin, welelie bei der IJmformung dor 

For a very .fall list, see a paper by J)\\ Fietcnliciiu, Mcnaisclio Zoi!,scl;ir. 
fiir K'atnrwisscnse],iaft/ Bd. xxii. N.F. xv. 8. 343. 

t 0-az. Med. 18(>2, No. 43. Quoted by Amiandalc, ‘ Diseases of tlio Fingers 
and Toes’ (Edinb. p. 20. 

I ‘Mitth. aus d. Anat. Inst, im Vcsalianumzu Basel/ 1889. ' 

§ ‘‘ das Thicr, aiicli Tliiomonsch, woron das lai ferus, 
forox, 
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Eiacliiiosse in eine Butracliierliand mit aufgenommen wurden® 
Hyperdaktyiie des Mensclien is deinnach eine kesondere Eorin 
des Atavisnius,” 

As to the mesial form, there is more difdcnlty in deciding. 
According to some autliorities, as, for example, Ahifeld'''^, 
polydactyly is the result of the compression of the growing 
digits by amiiiotic bands, the depth and amount of the excess 
depending upon the extent of the constriction. Two points 
should, howeyer, be noted in this connection: — (1) The mal- 
formations -which are accounted for by pressure of the mem- 
branes or by constriction from bands derived from them, or from 
other sources which will be more particularly considered when the 
subject of peromelia is dealt with, are gradually being reduced 
in nuiiiher as our knowledge increases. Many conditions attri- 
buted to these causes are now satisfactorily accounted for in 
other ways. In connection with the present subject, it may be 
said that there is little, if any, evidence to show that amniotic 
bauds have ever anything to do with the production of poly dactyly- 
(2) It is not easy to understand how a malformation caused in 
this way could become hereditary. The heredity, if any exist, 
must run in one of two lines — an heredity of the amniotic bands 
causing the malformation, or an heredity of a malformation 
first caused by a band. The first, which, by tlie way, has been 
advanced, seems too improbable to require much considera- 
tion. The coincidence by which an inflammatory band could 
form in exactly the same position, and produce the same effect in 
i.he pregnancies of several generations, is one which can scarcely 
be admitted, xliid the second mode would be nothing more or 
less than the inheritance of a mutilation. But Weismann has 
proved, I think it will be universally acknowledged, in his various 
writings, that a mutilation has at least never been shown to have 
been transmitted. Laying aside, lio-wover, these twm considera- 
tions, -we have two kinds of polydactyly— the marginal, wdiich it 
is highly probable is always atavistic and blastogenic ; and tlie 
central, w^hieh may be due to excess of material in the germ, and 
therefore blastogenic, or, possibly, to amniotic bands, and there- 
fore somatogenic. 

It is instructive, then, to inquire which of these is the most 
common. According to Eorster, a supernumerary little finger 


‘ Die Missbilclungen des Meusclien ’ (Jena, ISGf)), S. 43. 
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is tlie most coiniiion form, n, tlniml) or great toe comes next in 
order, least commonly is tlie digit one of tlie central group. I 
liave no data to rlecirlc wliotlicr tlie same rules apply to tlie hered- 
itary ea,scs; but I have little doubt that it would be found so. 
Ill the celebrated case quoted by Devay where the hereditary 
malformation was more widely spread within a circinnseribcd 
area than in any other with which I am acquainted, t.he super- 
niiniGrary digit appears to have been a thumb, I think that this 
ease is worth, describing in detail. ‘^11 s’agit dbuie veritable 
endemie do seivdiptisme, d’une population entiere qui .... a etc 
frappee de cette bizarre anomalie. Hous devons la connaissance 
de ce fait singulicr a notro savant confrere, le doeteur A.. Pottoii, 
(]iii I’a observe sur los lieux inemes. II existe clans le departe- 
ment de risere, non loin do la Cbte-Saint-Anclre et do Eives, tin 
tout petit village nomnio Izeaiix, isole, jierdii en quolqiio sorte 
autrefois, an milieu dbnie plaine, si non eompleteinent inciiltc, 
du moins tres-panvre, dito la plaine de Bievre. Les clierains, les 
eoinnniiiieations clans ce pays pen fertile, etaient clifficiles, si non 
inrpracticables. Los habitants d’lzeaux, simples, presque ahan- 
cloimes a eux-memes, n’entretenaient que dcs rapports dloignes 
avee les populations environnantes, sans so moianger avec elles ; 
ils se mariaient coiistamnient entre enx, et ninsi frcqiieimneiit en 
faniille. A la fin du siecle dernier, do cette ina,niia’e de fairo, do 
CCS alliances coiistantes entre ])arents etait nee et cntretoiinc 
par elle une monstriiositc singuliere, qui, il y a treiite-einq h 
quarante ans, frappait encore presque toui'o la population. Dans 
cette comnrimo, lionimes et femmes etai(’'nt pori'curs dbin sixieine 
tloigi:', dhin doigt supphhncntairi^ iniplanU* aiix piiala et a.ux 
mains. * Lorsqii’cn 1829 et on .188G,Dlii MAPottoii, ^ j’ai ob- 
serve ce bizarre ]}hdnoinen(‘, deja, eliez quelqtios stijdjspil n’existait 
quA un etat plus on moiim rudimeutairc ; chez pIiiBieirrs, ce 
ifetait qubin gros tribcmile, jin (iontre duquel eopendant on ren- 
eoTitrait uu corj)s dm*, osseux ; ra];)parenco d’liu ongle plus mi 
moins forme terminait cet appcndice, fixe latcraleraent eu dehors, 
(I In lase 3u poticef, .La personne qui ni’accompagiiait, bion 
quAfcraiigdro *1 la medeeino, me faisait observer qu’unc heiireuso 
transformation tendait a s’operer, que do notables cliangemoats 
dans cette defeetuositd organiquo s’etaient etablis dopuis c]iie les 
habitudes de la population s’etaient mocIificoB par la fo,rce des 
‘ Bu Dangers des Manages Consauguins^CBaiis, 1802), p, 05. 
t Italics mine.. 
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elioseSj par le progres, depuis quo, les voies do communications 
ctaut deveuues ineiileuros, les relations a Fextcrieur plus fre- 
qiientes, les ailiaiices se contractaient dans des conditions plus 
tixToraMes ; depuis, eii un mot, qiie le croisemeut des races avait 
lieu. En lSd7 j’ui eu occasion do voir uii chef d’atelier, origi- 
iiaire de eet localitc, fixe et marie a Lyon. II etait porfceiir du 
^dce de conformation signal e ; il etait pore de quatre enfants, 
qui n’avaient point le siiginate paternale. A IMicure qu’ii est, 
d’apres les renseignements circonstancies pris aupres de medeciiis 
de la localitc, cette anomalie pathologique a presque complete- 
. ment disparu.’ ” 

To sum up, tlien, the subject of poI jdactylj, it may at least be 
said that there is no proof that any of the hereditary cases are 
somatogenic. I should go further myself, and say that there is 
every reason to believe that tliey are hlastogenic. 

Supratrochlear Froccss . — Struthers has recorded a case in 
which this curious process or hook was hereditary. It is atavistic 
and undoubtedly lilastogenie in its nature. 

Folj/mastia . — Accessory breasts may exist on the thigh, 
groin, Yulra, hack, or other parts of the body, the following 
table giving Leiehtensterji’s t ligiires from an examination of 105 
cases : — 


The accessory gland was on the anterior surface of the thorax in 96. 
„ „ in the axilla „ „ 5. 

„ „ on the back „ „ 2. 

„ „ on the acromion „ „ 1. 

„ „ on the thigh „ 1. 


The condition may bo hereditary, as in the case narrated by 
Eobortt of a woman who had a third breast on the exterior of 
the left thigh placed I inches below the great trochanter, with 
which she had suckled several children ; her mother had a third 
thoracic breast. 'Woodman § records a case where a woman and 
her child were both possessed of three thoracic mamime. As 
to the cause of the malformation, one would not think that 
there need be much difference of opinion. Ahlfeld ||, however, 


* Lancet, Eeb. 15, 1873, 
t Virchow’s Archiy, Bd. 73, 8. 222. 

I loumal de Physiologic, tome vii. no. 2. 

§ Trans. Obst. Soc. vol. ix. p. 50. 

II ‘Die Missbild. d. Menschen ’ (Leipzig, 1880), S. 110. 
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lifis committed liiinsolf to the statement tliat they are duo to the 
action of the amnion. ^"Ain wahrHchcinlicliBtcii ist inir die 
Moglichlvcit, class diirch den Druek dos Anniions Theilc ai])gctre!nit 
iiiid am Amnion liaffcond aiif der Kdrpei* Oberfliiciie ti‘ansphmtirt 
YferdeiiA The anther just quoted is, I am convineccl, mistaken 
in piisliiiig his views as to the malformation-producing capacities 
of the amnion so far as tliis. There can he little doubt that the 
malformation is atavistic. The Englisli edition of ’W’iedersheiiii’s 
Comparative Amitomy ■'* contains the following statement on 
tlio subject : — “ The occasional existence in men of supernumorary 
teats and in women of supernumerary teats and mammm (polj- 
tliclisin and polymastism) is very remarkable. They are usually 
situated in. the thoracic region, and must bo considered as an 
ataAn’sm to a characteristic primitive form wMcli possessed nume- 
rous teats, and wbicli produced a miiiiber of young at abirtli. 
Such a transition from polymastism to bimastism may bo seen 
plainly at tlie present day in the Lemurs ; in them the inguinal 
and abdominal teats are undergoing a retrogressive metamor- 
phosis, while a single pair of thoracic teats remain well cleve- 
loped. [In Mapalemur griseus the single pair of teats is situated 
on tlie arm {Beddard),''\ This accords with the fact that most 
Lemurs bear only a pair of young ones at a time, which they 
carry with them at the breast.” In this connection it is inter- 
esting to note tliat, as Dr. Champneys has shown t, the skin of 
pregnant wonicii may talce on mammary functions i.ii isolated 
spots, lumpM forming in various places, notably in the axilla, 
from which eoine {a) griiuiilar dcibris lilcc the socrotion of 
sebaceous follidcs ; {h) <adusti*uni ; (r) milk, expressed from the 
situation of tlie sebaceous foUiedes, as marked by tlie position of 
the hairs. Tliese eases show, ho says, ^Mhat in lyiug-iu wornon 
the Bobaeoous foll.icles of the skin arc capable <,)f producing true 
mammary seeretiom The transition from gra^iiular material, 
through, eolustnim, to true milk is unmistakable A The ol)ser- 
vatioiiB eoiifiiin the opinio,uthat the breast is a higlily B])ecializcd 
aggregation of liighly specialized sebaceous follicles. 

T!ic facts wlricli have just been reviewed leave little room, for 
doubt that accessory mammm arc atavistic and hlastogenic. 

My pert f idiom . — Excessive hairiness, which appears to be 
usually associated with deficient dentition, is an occasionally 

P. 28. t Boy. Med. & Ohir. Soc., April 27, 1886. 
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hereditary condition. Cases of this nature have been recorded 
by Darwin and Mielielson t. That of Andrian Jefticliew and 
his son Fedor {cet. 3 at the age of description), both of whom had 
their faces covered with hair ‘^like Sky e-terriers/’ and were 
nearly edentulous, is a good example The possibility of this 
condition having a nervous origin will be discussed in a subsequent 
section. It is probably atavistic and blastogenic. 

G-luteal JBrotu'befYi/iGes. — The excessive development of the 
gluteal region amongst the Hottentot wmmen and of their 
iiymplno may here be mentioned as examples of malformations 
which have risen to the rank of racial characteristics. The}^ are, 
apparently, blastogenic in their nature. 

In concluding the portion of this paper relating to malfor- 
mations by excess, the speculation may be permitted as to 
wdiotiier there may not be many hidden abnormalities which arc 
highly hereditary yet which escape notice. Take, for example, 
the instance of a ceutrale carpi. One would expect that this 
abnormality would be hereditary, and possibly it is so ; but we 
have no data to go upon, and in this instance it is not probable 
that we over shall have. In other cases, however, a little trouble 
on the part of the observer might enable many gaps to be filled up. 
As an example of what I am alluding to, I may cite a curious 
case, the only one known to me of a described hereditary abnor- 
mality ill the arterial system, though it is probably by no means 
an isolated case, were the question to be carefully investigated §. 
The radial artery in a male, on both sides passed over the supi- 
nator longus at from 8’0 cm. to 4*0 cm. above the wrist, and ran 
over the radial extensors above the styloid pirocess to its normal 
distribution. All this maifis children possessed the same abnor- 
mality on the left side, the daughters transmitted it better tliaii 
the sons, and amongst the grandchildren it was met with on both 
sides on four, on one side only in foui’, and was absent in seven. 

Part 2. — Malforniatiom hj Defects 

In this section the malformations by defect will be discussed, 
and at the outset it may be said that their etiologies in many 

* ‘ Animals and Tkiiits under Domestication,’ vol. ii. p. 320. 

1’ Capitel der Hypertrichosis.” Virchow’s Arch. Bd. 100, S. 66. 

J Lancet, 1873, ii. p. 613 j and Virchow, Berl. Klin. Woch. 1873, Ho. 29. 

I Chicago Med. Joiirn. & Bsain. 1879, p. 475. 
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oases offer iniicli ^«^rcator tlian tliosc of ilic .grou]) just 

(‘oncJiidcd. 

.Bwar/h.’ The j'U'^'iiiiicnts Avhicli were iiHcd to sliow tbai 

was ti blaBtogonie eondition due to excess of fomuiiivo 
materia, 1, ■mighi,, in converse, be employed to prove that dwarf ~ 
isli! less is lilasiogarnic a,nd duo to dedlcioucy of material, Aswitli 
^i^'iaiits, so w’itb dwarfs, sterility is tlio rule. In tlicir ea,sc !5 we 
fiave on this point oven, hotter evidence tlian in that of: giants, 
sincHi dwarfs have been made tlio subject of direct cxpcrime;nt. 
“Catlieriuo do Medecis s’ainusa, dit on, a rassembler des iiains 
dcs deux sexes ot a les marier, L’clcctciir de Branderibourg 
repein la indine experience ; 11s n’oiircnt pas d’eirfants. Geofiroy 
Ht.-llilalrc ne deco ur re qu’unc soulc cxceptio,!.!, cello du iiaiii 
Borivilaski; inais sa femme etait do taillo ordinaire et .fat siis- 
pecteo '’ Though sterility is the rule, jot tliere arc indications 
o:f hereditary iniluonce in this group also. 

Thus, as St.-Ililaire points outt, in the greater number of 
cases the same mother has given birth to two or moi^e dwarfs, 
amongst tlie cases ho cites being that of the dwarf brother and 
sister described by Aldrovandus I have also met with an 
account of one case where dwarfislmess was distinctly liereditarj §. 
Braiicesco Loporata, born of full-sized parents, was at the age of 
SB, 1*130 mtr. He had married a full-sized woman and had issue 
at the time of enquiry: — (1) JDoralice (E.), mt. 50, lieiglit 1*130 
mtr. ; (2) Amidj mt. 4d, height 0*980 mtr.; (B) Maria, ait. 31, 
fieiglit 1*155 intr. ; (4) Maddalem, ait. 84, of normal height; 
(5) Antonio, {ct. 44, licight I'B-.I'O mtr, ; (G) Fietro, ad. 42, height 
1*300 mtr. A,3,itoiuo (5) ;mar.ried twice. His :first wife, who was 
(),f full size, boro him a normal-sized daiighf/er ; l.us soeond, also 
ii full-sized woman, bores him tlirecs sons:— («) ni. It, height 
0*045 mt:r. (norimd :l'o’r age, 1*49 mtr.) ; (/;) set, 9, Insight 0*970 
inir. (non:m.i1, f'2ii) mtr.); (c) a.‘t. 7, heiglit 0*910 :mt;r. (normal 
1*100 mtr.). Fiot-ro (G) married a .lull-sized female, and had issue— 
(a) M, ash G, lieight 0*825 mtr. (normal 1*040 mtr.) ; (h) E* ast. B, 
lioight 0*650 mtr. (normal 0*864 mtiv) ; (c) M. ast. 1|, lieiglit 
0*616 mtr. (normal 0*744 mtr.). 

* Topinawl, op. di. p. 430. 

t Op. oit. p. 150. I * Moastrornm Historia,’ pp. 603 & 604. 

,,§ Quoted from Ludwig Eranlc, Mom. dolla It. Accad. di Torino, t. 25. 
p. 9(> (Torino, 1S20),' by 'Taruffi, Eiv. Clin. 2 sow viii. p, 33 ; Absir, SclimidPs 
labrb.t49as.a 
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Ahe'^we of Bones or Farts of Bones . — MalforEiatioiis of this 
kind are not yery uncommon. In the following, amongst other 
cases, tlie condition lias been hereditary : — (1) Prof. Sir Wiin 
Turner has described a case of shortening of the ring-hnger, 
which was 1*2 in. shorter than the middle, and only 0*5 in. longer 
than the little finger. This condition was not dne to absence of 
any of the bones, but to imperfect growth of the metacarpal bone. 
In the family was also present widening of the great toe and 
thumb — sometimes with short ring-fi.uger, sometimes without. 
The malformation ran through six, or possibly seven, generations. 
(2) 111 another family t shortening, due to absence of phalanges, 
in a variable number of digits ranthrongli three, or possibly four, 
generations. (3) Absence of patellae through two? and three § 
generations has been recorded. (4) Imperfection of one or other 
end of one or both clavicles has existed through three generations 
in a family ||. There can be little doubt that these malformations 
are blast o genie, and due to deficiency of formative material. 

Feromelia and Ferodactyly . — Absence of parts or of an entire 
limb or digits. This group opens up the whole question of 
iutra-uteriiieampiitatious,wdiich I’equires some little consideration. 
First described by Montgomery IT, it has been discussed by a 
number of later writers, some of wdiose opinions must here be 
dealt with. In Montgomery’s first case the foot which had been 
amputated was found in the membranes, and was apparently two 
months younger than the child to whom it belonged. In another 
case the constriction bad severed everything but shin and bone. 
According to liis view inflammatory lymph was thrown out, 
which constricted the growing ])art and effected the amputation. 
Dr. Macau bas described a case of amputation of the arm below 
the insertion of the biceps, in which the cicatrix was quite healed. 
The amputated part was not found, though searched for. In SO 
years only one case of intra-uterinc amputation had been recorded 
in the practice of the Eotimda Hospital, Dublin. In the discussion 
■which followed upon the paper in which this case was described, 
Dr. Kidd said that in something less than 30 }’ears he had seen 

^ Joiim. Anat. & Phys. voL xviii. p. 463. 1’ Tilley. 

j: Med. Notes and Eefiections, p. 33. 

I Med. 0-az. 1833, p. 519. 11 Warren Museum Catalogue, no. 217* 

In an Essay “ On the Spontaneous Amputation of the Fcetal Limbs in 
Etero,” at the end of his Signs and Symptoms of Pregnancy.” 

w j)^bh Journ. Med. Sci. vol. fix. p. 55. 

niNK. JOTON.—izoonoay, toi.. xxiii. 
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four cases. In one of tlieso, tlu^ leg Avas amputated between the 
Iniee and tlie ajililt', tlic severed ])orti{>u being found in tlui mein- 
braiios. Otlior baiuls luid nearly amputaiicd some of the liugerB, 
Accordiiig to Ilennig tlie substance wliicli forms tlio bands may 
be IbiMued sometimes from the skin of the embryo, sometimes from 
tiu) :ioeinb.raiies, and sometimes from both. Tlie skin alone was, 
in his opinion, the cause in most of tlie recorded examples of 
s|)ontaneous a,mpui,ation. Before considering wliat proportion 
oi: the cases of defective limbs and digits may be due to this 
eaiLso, it Avill be necessary to consider two special classes of cases. 
(I) Oases of perodactyly witli absence of a forearm-bone and 
carpal bomu I bave described t Jni instance Avhere radius, sca- 
phoid, trapezium, and thumb wore all absent on both sides. It 
is obvious that eases such as this could not be produced by 
amniotic eausos, but a3?e duo to absence of formative material and 
blasfcogenic in their nature. (2) There is a curious group of 
eases where on the end of the stump are to be found fingers 
generally in an imperfect state of develoj)meiit. Or there may 
be a want of tlio intermediate parts in the extremities so that 
tlie luind is attached immediately to the shoulder and the foot to 
the hip, as in the remarkable ease of Marco Catoiize, figured by 
VrolikJ and Burster §. Simpson H, in ISdil, noticed wliat he 
called a tendency to rudimentary reproduction of the amputated 
memhers on the face of the stumj). This he compared ivith the 
eases of reproduction of limbs in lower animals. Sturgelf 
clciBcribcs an interesting case of a man aged 22, in Avhom the 
radius arid ulna on the left side ended in a conical stump S in. 
below ilm elbow-joint. On tlic flexor aspect of tlie stump, and 
situated transvimsely across it, Avere ilro little projections, the 
one nearest to il:io ;ra(li<al side hoing the largest and tlie re- 
mainder gradually decreasing to that on the ulnar border ; 
the largest and the adjoining one had well-marked nailB, 
Tho aiitiior^s remarks upon tlie subject will bo more appositely 
tinoted somewhat later. The point is a very interesting one and 
by no means clear, but it may be doubted whether there is really 
any truth in the restoration theory, and whether the fects are not 
much better explained by some such hypothesis as that offered 

* Ueb. d. J^Tebenbandor u. Schafhautstrango in dor Eihohle cl. Monsoli./* 
Virchow's Arch. Bd. xix. S. 200. t Anafc. Ansseiger, Jahrg.S. S, 03, 

' \ ' Art. “ I’eratologyf ' (Todd’s Oycl. of, Anat. & Fhys. figs. 624, 626. 

I Op. xi. Ogs.^O (fe 7, ■ |( Selected Dfostetno Works, p. 129. 

Soo# vol. xxxi. p. 20B* 
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by the last-named writer, when be says “ they [i. e, the imperfect 
digits] represent tiie amount of yitality left in the embryonic cells 
from wliich the extremities of the limb should have developedd’ 
We explain the presence of extremities on sacral tumours repre- 
senting an imperfect parasitic twin, such as those of Anna Maria 
Przesomyl and the other given by Braune by supposing that the 
cells forming that portion of the limb have come to development, 
whilst others have failed to do so ; and there seems no reason why 
a similar explanation should not be given in the eases under 
consideration. Passing from these special groups, it may next 
be mentioned that Eidich t has grouped congenital defects of 
extremities into the following divisions : — (1) deficiency of forma- 
tive material (Anlageheim) ; (2) deficiency of division or segmen- 
tation (Grliedernng) where a ray (Tibia, Eadius, with tarsals or 
carpals, &c.) is absent ; (3) deficiency of growth from injury to 
cartilage or bone, Eoetal Eachitis ; (4) spontaneous amputation, 
or strangulation. 

We have now to consider the bearing of the facts just detailed 
upon the section of the subject now under discussion. First of 
all we may dismiss, I think, the subject of peromelia, since I am 
not aware that it has ever been described as hereditary in man. 
St.-Hilaire J lias given an account of one case in which it was 
hereditary in dogs, and I know of no other of any kind. Pero- 
dactyiy is, however, not uncommonly hereditary. In a case 
given by Potherby §, the hands and feet were both affected, only 
great and little toes being present in the latter ; the malforma- 
tion ran through five generations. Other cases have been given by 
Holmgren II, five generations ; ErabbelT, three; and Lucas, four**. 

In considering the nature of this defect it should be borne in 
mind that there are several preliminary conditions, so to speak, 
leading up to it and often merging into or blending with it, none 
of which could be caused by amniotic agencies. Thus Aimandaie 
gives the following degrees of union of digits, a condition 

^ ‘ Die Doppolbild. u. angeb. Gteschw, d. Kreuzbemgegendf Demzig, 1862, 
Paf. iii. ligs. 1, 2, 3, &' 7. 

t “ tJntorsuch. iib. d. Coiig.-Def. u. Hominungsbild d. Extreui./* Vircb. Aroii. 
Bd. 100. S. 107. t fi- P* ^^70, 

§ Brit. Med. Jotirn. May 22, 1886. 

II Upsala lakareforen. forhandl. svii. 7 og 8, 8. 513 ; Abstr Schmidts Jaiirb. 
Bd. 196. a 121. 

Nord. Med. Ark. xii. 20. S. 1 ; Abstr. Schmidts Jahrb. Bd. 19(k S. 121. 

Traite d© rHer»5dit6 Naturelle (Paris, 1847), p. 198. 
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recognized aw leading np to perodnctyly Two or more digits 
rriiiy lie iiiiiix^d — (1) bj loose folds of skin only (tlic true webbed 
condition) t ; (2) by a. more intimate eoiineeiion of tin ' skin and 
deeper soi’t tissues; Q]) 'by tbo nruon or fusion of tlic bones as 
■\ve]'] as the solT toxtunjs* Jb'sides tliesc forms of iinioiij t1i.e 
(iigii;s of one band or foot, or of botli liands and feet, inay be 
all massed togotlier into one lump, bo that it may bo almost 
impossible to distinguisli the individual fingers or toes.” This 
gradation of delects, the minor ones being of a kind not a.s- 
signable to ainniotic agencies, is tbo first point in favour of the 
bkistogeuie nature of tb.e defect, A second is the nature of the 
defect itself. Whoever Avill take tlie trouble to examine the 
figures in Forster (Taf. xii. figs. 1-21) will not have nmeb 
difficulty, 1 think, in deciding that they are highly unlikely to 
have been duo to amnibtic agencies. Many of the absent digits 
are central, yet these are snrely more likely to escape eiitangle- 
moiit ill loops of fibrin than the marginal, which so frequently 
remain as the sole representatives. I may here quote m extemo 
Sturge^s remarks to ivliich I have before alluded. Speaking of 
his case, which lie looks upon as one of intra-iiterine amputation, 
ho says : — ‘‘ The congenital defi.ciency may also be due to (1) a 
primary inherent abnormal condition of the ovum whereby its 
liealthy dovelopmcnt is interfered with in one or more directions ; 
or (2) a localized morbid condition of one or more parts of the 
embryo at Home time after conception. The former of the two 
conditions must be invoked in cx{daaialion of many eases of 
monatrosity, in cast's ivlmre there is cojigtynh-al, liyiiortropliy of 
parts, and. it is the most jrrobablo cxplmKiiitm of su|)cnrmm>rnry 
•jiarts. There can, ihereforts bo no ronsoii why it; sliouid iiol 
l>r()duco the op])osite condition, viz. congenital atropliy of limbs 
and congenita.! abBcnce of portions of limbs. On the oihei' hand, 
an iniiammatory condition capable of t-hrowing out organized 
lymph in sufficient quantity to produce intra-iiterino amputation 
is quite as likely, if it attacks that portion of the blastoderm 
from which a limb is developed, to kill the delieai;o embryonic 
cells, or to modify their nutrition so profoundly that their sub- 
sequent' development will be gravely cotnpromisecL I think it 
is worthy of inquiry whether rud'imentary fingers have been 
qircsent in any of those cases where the amputated limb has been 

* pp. A p, 40 . 

t This may be hereditary. It has beer described us passing tlirougli four 
generations. Bdinb. Med. Joum. 1858'-“9, p 501. 
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found. It is very easy to account for them on the hypothesis of 
mahdevelopmentj for in that case they represent the amount of 
vitality left in the embryonic cells from which the limb should 
have developed. On this hypothesis, we should expect to find, as 
in fact have been found, many degrees of development ranging 
from minute nodules, representing fingers at one end of the 
scale, up to extremities of limbs which differ but little from the 
hand at the other end,” 

To conclude this group, without excluding the possibility of 
cases of perodaetyly, originally caused by amniotic bands being 
hereditary, since there are no data for such a denial, it appears 
to me, for the reasons given above as well as from those which 
were brought forward when dealing with the subject of |)oly- 
daetyly and amniotic bands, that on the whole it is far more 
probable that perodaetyly is nearly always due to defect of 
material, and is therefore hlastogenic. 

Congenital Luxation of the Fermi^r * — This is a condition \vhich 
requires some consideration, since it is certainly at times here- 
ditary and since its origin has been very diversely explained by 
different writers. I append the following hereditary case, doubly 
remarkable since present on both sides of the house — 


li’lx F.X M. double 

I luxation 

A 

F.X n.M:.=F.n. 

i « m!x 

cong. shortening I 

of thighs I 

1 T "■ 

F. X M. X ? sex. 

both left n. 

Professor Bennett, in an address on this subjecfft, enumerates 
the following opinions which have been expressed as to its 
cause. Dupiiytren considered it to be due to an original fault 
of the germ, which, as Bennett says, is sufficiently vague.’’ 
Stromeyer attributed it to a disproportion between the head of 

Quoted by Biipuytren from Massiat, Med, Oaz. 1838, ii. p. 570. 
t Babl. Med. Journ. Ixxix. p. 11. 


y sext 
n. 


F.n. 

. 1 

? sex. X 
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tlie feniiir and t'ho acetabulum, Cruvcilbier and Olicliiis to tlio 
position o£ tlie fmtus in utero or to violence in delivery, Ammon 
to arrest of development, Guerin to irregular nervous acition, 
and Soiitli to an abnormal method of delivery. Eecent writers, 
lie proceeds, have assumed that the last-inentioned cause is 
ahvays the correct one. This, however, is not the ease; the 
specimen which lie himself dissected was perfectly normally 
delivered by a bead presentation. Other observations point to 
the fact that one of the causes, if not the chief cause, is a failure 
of development of the acetabulum due to a lack of material. 
Shaw, describing a living specimen, states that on digital exam- 
ination, a projecting irregularly shaped surface, supposed to bo 
the imperfectlj'-developed acetabulum, was felt Shepherd t 
has described a case which he had the oppoTtiinity of dissecting. 
The female, aged about 50, had the right leg smaller and shorter 
than the left. The wing of the right ilium was thinner, more 
upright, more curled inwards, and smaller. The acetabulum 
was a mere triangular depression in the hone with its apex di- 
rected upwards and to the right and its base corresponding to 
the cotyloid notch. The edges of this triangular depression were 
smooth and curled inwards and but slightly covered with fibro- 
eartilage. Its measurements vfere 2 in. long, | in. broad, in."-, 
deep. Grawitz J, in a paper on the subject, refers the malforma- 
tion to a failure of development of the T-shaped cartilage. In 
twelve cases which lie examined, tliei’e was no trace of any 
inflammation of the joint us the cause. Whilst believing that a 
defect of development is the chief cause, tlie possibility of 
irregular or excessive nervous action being also a fa.ei,or mnat not 
be overlooked, since tlic improper action of the nriiscl(''B arising 
from it may induce t;h,e dis})laceme.nt of the Iicad, of the feiuiir 
from the imperf eet’ly dewoloped acetabular cavity* The dcvfeet will, 
if duo to defective development, be probably blastogeiric. in its 
nature. Tliere is, liov/ever, just the possibility that inaVniitritioii 
of tlie fmtiis in niero may be the cause. This is a large subject, 
which will receive the attention it deserves in a separate and 
subsequent; section. 

* Turns, Tatli, Soc. xvii. p. 206. The aufchoi' roraarks that it has never been 
explained why the malformation should so often affect both aeetabula and 
occur more frequently in females. 

t ilourn. of Anat. & Thys. vol 3dv. p. 368, 

j; ^^IJeber die Ursachen der angobornon Hliftgelenkverronkimgen,” Virch. 
Arch. Id. 74. a I (1878). ' 
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Cleft^Pahte and Jlare-'Lip^^Them malformations are un- 
doubtedly hereditary. Eritzselie found the factor of heredity to 
exist in five out of fifty-two eases coming under notice in the 
Zurich Xiiiiik in ten years Mason t has recorded others, and 
Biondi X gires the following table from Passavant § : — 

Rx 

L__ 

Rc.p. Fli.l. fL F.L r!i. F.L 

! ' ■ ■ I II 11 Mil. 

M.n. F.ii. i F.c.p. 5M. F.n. M. j 

i ! alln. h.l. F.e.p. 

F.n. F.n. 

(h.L=hare lip; c.p.=: cleft palate.) 

I have mentioned these numerous eases since Eorster and 
others have inclined to the opinion that cleft-palate is not here- 
ditary, Before leaving the question of heredity in connection 
with these defects, it should be mentioned that the parents, if 
not affected with the lesion itself, may present minor malforma- 
tions tending in that direction. Thus Mason (p. 18) says ; — 
“ Sir William Eerguson used to look for, and generally find, a 
partial defect in the upper lip and jawr of one or both of the 
parents, and since he directed my attention to this point, I have 
observed it in many instances.” Again, Knaggs j|, in a report of 
660 midwifery cases conducted in Australia, describes one of 
exaggerated hare-lip and cleft-palate, in which several individuals 
on the mother’s side were similarly affected. Moreover, ‘‘ the 
mother possessed a very high-arched palate, so much so as to 
create the impression that she had narrowly escaped the defor- 
mity itself;” Einally, Murray If has placed on record a ease in 
which other malformations of the same I'egion co-existed witli or 
alternated with hare-lip. 

F. Ivigli arched palnte. 

M. double hare-lip and saceuli. 

1 

1 i i " I i ' 1 I I 

F. F. F. F. F. M. , M. M. 

SaccuIi. n. Doable n. Arclied ' n. Webbed Hare-lip. 

hare-lip palate, fingers. SaccuIi. 

and saceuli. 

* ‘ Missbilcl. cl. Oesichts.^ (Zllricb, 1878), p. 6. 
t ‘ On Hare-Lip and Oleft-Talate ’ (Lond. 1877), pp. 21 & 64. 

1 « Lippenspalte/’ ¥irch. Arch. Hd. 91. S. 173. § Arch. f. Heilh. 1862, p. 305. 

I Dubl. Med. dourn. Ixxi. p. 431. ^ Mecl.-Ohir. Eev. vol. mi. p. 502 



472 PEOF. B. 0. A. WINEXE ON TERATOXOGIOAL EVIDENCE 

Wlien we come to inquire into tKe causation of these defects, 
we find various theories given to account for them. Virchow 
writing of hranehial and other clefts, says that without particu- 
larizing whether traumatic, thermic, or other causes act, the 
main fact is that the defects arise from au irritative process. 
Some may call this inflammatory ; in any case it is not passive hut 
active. Some forms of palatine and facial clefts have, he thinks, 
a similar origin in an early inflammation. It should be men- 
tioned that this was written as long ago as 1855, and that the 
theory which accounts for many defects by foetal inflammation 
has lost much ground since then. The defect may he due 
to deficiency of material, and this again, it seems possible, may 
he due to mal-nutrition by the mother. I quote the following 
passage from Oaldey Coles’s interesting cha 2 }ter on the etiology of 
cleft-palate, to which I shall have to recur in a later section t*. — 
“ Dr. Ogle has called attention to the fact that 99 per cent, of 
the lon-oubs born in the London Zoological Gardens have cleft- 
palates, and he has referred this curious phenomenon to the 
artificial diet necessitated by the enforced captivity. It has, 
indeed, been contended, in reply to this theory, that the experi- 
ence of the London Zoological Society is exceptional, differing 
from that of other menageries, and Mr. Pollock J has suggested 
that vre must seek for the cause of the phenomenon amongst 
other conditions than the food-supply. It is true that among 
the lion-ciibs born in the Dublin Gfardens, cleft-palate is seldom 
noticed ; but it is stated that it used to occur quite as 
frequently as in London, when the feeding was conducted in a 
similar way, viz. by supplying only the meat of large animals. 
Now, however, that the lions are given goat twice a week, wliich 
they can eat bones and all, the proportion of cleft-palate has 
become quite insignificant. These observations seem to point to 
the possibility of cleft-palate in the human subject being duo to 
an analogous departure from a natural diet amongst civilized 
nations, hut it is at all times perilous to argue from the low^er 
animals to man. At any rate the evidence at present before us 
does not admit of anything more than conjecture.’’^ If the in- 

*• “ IJeb. Missbiid am OJir u. im Bereicho des erstens Eiemeubogeus/’ Yiicli. 
Arch. Bd. Sa p, 221. ' 

t * Deformities of the MoLith ’ (Lond. 1887), p. 37. 

I Holmes’s System of Surgery, vol. iv. p. 420. 
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flammatorj theory or that of mal- nutrition be true, the condition 
would he somatogenic in its nature. Those cases where the clelt 
is due to the presence of a tumour are undoubtedlj so, but they 
are, I believe, never hereditary. On the other hand, cases due to 
an original lack of formative material would be somatogenic. It 
is possible that these and some other defects may be due to a 
hitherto little recognized cause, that is a failure of nerve-action 
during intra-uterine iif e. I purpose devoting a section at a later 
part of this paper to the consideratioia of this hypothesis. For 
the present, however, the subject of cleft-jDalate must be left in a 
highly undecided state. 

Bclentulum.—V^ivtidl absence of teeth, accompanied or unac- 
companied by peculiarities of the hair, is an hereditary condition 
at times. Cases have been given by Darwin and others, and my 
friend Mr. Humphreys was good enough to supply me with notes 
of some observed by himself, which I published in my paper on 
“ Congenital Malformations and Heredity.” One very curious 
case communicated to me by Dr. Fackenhelm, of Eisenach, and 
since published in his paper already <juoted, I shall give at 
length, because of its bearing upon the question of mal-nutrition 
as a cause of defects, which has yet to be dealt with. In the 
case I ailiicle to there is on the fiither’s side polydactylism both 
of the hands and feet, on the mother’s anomalous dentition. The 
mother’s genealogy, and the children born of her union with the 
poly dactyl ous Heinzlex', stands as follows : — 

Kathariiia X 

i 

1 ^ i i i r I 

Xaver Marie (M.) Oelestine Kiiniguncle Theresa (M.) Appolonia. Mathikle 
(M.) (M.) I, 

(iinni.) X 1 lx (children (children (unm.) Heinzler 

X (chiklreii Alfons normal). normal). (p^^lTdaeiylnug), 

normal) X ■ ' ^ 

Friedrich Frieda Adoll* Malliilde Elsa Augiist 
XX X (?) 

Katharina, the grandmother, had only two upper pointed 
teeth in place of the incisors, and two molars. Her children 
were situated, as regards their teeth, as follows: — Xaver, un- 
married, is somewhat similar to his mother, so is Marie, who has 
normal children. Oelestine is similarly aflected, and so is her 
son Alfons, who possesses only four teeth including one first 
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molar. Kiinigunde and Theresa, as also their cliildren, have the 
normal dentition; so also has Appolonia, who is unmarried. 
Mathilde has six exceedingly large and pointed teeth like canines, 
with wide gaps between, which represent the incisors, the re- 
mainder of her dentition being normal. Mathilde married 
Heinzler, in whose family polydactylism is hereditary. Of their 
children, Priedrich (set. 11) has the most singular dentition of 
his generation. The lower incisors are in his case completely 
absent ; in place of the upper incisors are two conical teeth. 
The remaining teeth are normally formed. The alveolar border 
of the inferior maxilla is thin and defective in the situation of 
the defective teeth. This is less marked in the superior maxilla. 
There is no trace of a frgenum linguse, but otherwise the mouth 
is quite normally formed. It should he noted that these teeth 
belong to the milk-dentition, no permanent teeth having appeared. 
The defect is already commencing to exercise a marked effect 
upon the contour of the face, and undoubtedly influences the 
speech. The sister Prieda (set. 14) is not quite so deficient as 
her brother, hut the separate teeth are not so well formed as his. 
Like the brother, she still possesses her milk-dentition, In the 
upper jaw, in place of the incisors, are two pointed or crescentic 
teeth with their apices towards the middle line. In the low^er 
jaw the incisors are replaced by three irregularly conical teetli, 
the central one being somewhat behind the other two. The 
remaining teeth are fairly normal, but have considerable gaps 
hetw^een them. There is a very small fra^niim liiigiise, hut no 
other oral abnormality. In both children the teetli made their 
appearance at the proper time. Both of these children inherit 
also the polydactylism of the father. They are thoroughly 
healthy, have never suffered from any severe illness, and have no 
abnormal condition of the hair. The alveolar processes of the 
youngest child, August, are thin, from which the mother, 
reasoning from what she saw in the other children, confidently 
asserts that he also will exhibit similar abnormalities. Dr. 
Baekenheim finally points out that the rudimentary condition of 
the alveolar processes in these children renders it impossible 
that the missing teeth are retained in the Jaw. E’o one, so far 
as I am aware, has ever advanced the theory that defect in the 
number of teeth in a parent, due to the labours of the dentist, 
can be transmitted to tbe children. The fact that this experi- 
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ment, tried npon so large a scale, returns a negative reply is 
indeed to my mind one of tlie best arguments against the 
transmissibility of mutilations. There can be little doubt that 
the recorded cases of congenital and hereditary edentulism 
(congenital in the sense of the impotentiality being so) are bias- 
togeiiic in their nature. 

Mierophtlalmus. — This is the first of a group of malformations 
relating to the eye. In dealing with them, I have to express my 
obligations to my friend Mr. Priestley Smith, whose extensive 
knowledge of ophthalmological subjects has supplied my defi- 
ciencies in that direction. Microphthalmus is an hereditary 
disease — Sedgwick narrating a case where it was hereditary on 
the maternal side and deaf-mutism on the paternab both defects 
co-existing in some of the unfortunate descendants. It is 
extremely interesting in this connection to see how opinion as 
to the cause of microphthalmus has changed of late. It was 
thought by some authorities, for example Deiitschinann t, that 
a foetal inflammation was the cause. Were this true the condi- 
tion would be somatogenic. Quite recently, however, Hess 
after a very careful examination of six microphthalmic eyes, has 
concluded : — (1) that there w^as no sign of past or present inflam- 
mation to be discovered ; (2) that a union existed between the 
vitreous and the outer tunics of the secondary optic vesicle 
effected by means of a tissue nourished by the hyaline artery or 
a representative of that vessel. He goes on to state that he 
cannot regard tbis as being in any way an inflammatory product, 
but considers it to be the result of an atypical embryonic develop- 
ment of the intruded mesoblastic layer which goes to form the 
vitreous. He refers to other published cases which resembled his 
ill important respects, and to w^hich he is inclined to attribute a 
similar causation. The connective-tissue band formed in these 
mierophtbalmic eyes may possibly be related to the funiculus 
sclerse, described by Hannover and shown by Eotlioiz to be the 
permanent representative of a structure existing in foetal life. 
Should these observations be correct, as seems highly probable, 
the malformation is a blastogenic one, though it is perhaps 
somewhat doubtful as to which class it should be referred to. 

^ Med,-Chir. Rev. toI. xKviii, p. 205. 

1' Klin. Monatsbi. f. Augenbeilk., March 1881. 

I v. Graefe’s Arch. f. Ophthalm. xxiv. 3. 
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Ahmice of Iris, — Page*^^ has recorded a case where this con- 
dition, combined with microphthalmus and nystagmus, esisted 
ill a mother, two daughters, and a grand-daughter, two sons and 
a daughter haying escaped. Sedgwick t quotes another where 
absence of iris ran through three generations. There can he no 
donht that this is a hlastogenic condition. 

Cohloma . — A failure to close completely on the part of the 
choroidal fissure, doubtless blastogenic in its nature, though 
whether due to defect of material or to a nervous cause is not 
certain. It is hereditary, and Darwin t has given a case where 
it passed through four generations. 

Congenital Dislocation of the Lens . — I give here a table, drawn 
up by Stanford Morton §, where this curious condition was 
hereditary. 


M.x M.n. M.n.M.n. m!x M.x M.X M.x M.X E.n. 3?.n. E, 


M.X M. M.n. M.n. P.u, F.n. Sf.x 


mIx P.L E.x M.x E.l E.i 

This defect sometimes associated with colohoma of the 
choroid or optic disc, sometimes wifeh persistent hyaloid artery ; 
more frequently it is met with in eyes which appear otherwise 
healthy. A partial lateral displacement indicates a faulty 
development of the suspensory ligament, by reason of ivhich the 
traction upon the lens is unequal at difierent parts of its circum- 
ference. The displacement is usually upwards or upwards and 
outwards, indicating a defect in the lower part of the ligament, 
analogous to an imperfect closure of the foetal slit. It is usually 
present in both eyes, and is symmetrical or nearly so in ilie two. 
It has frequently been met with in several members of one 
family and in successive generations j|. The defect from this 
appears to be one of deficient development, blastogenic in its 
nature. 

* Lancetj Aug. 8, 1874. t From Ammon’s Zeitschr., yol i. no. 4. 

I Op. ciL ¥ol. i. p. 454. ' § Opb. Hosp. Eeps. ix. 435. 

II P, Smith, in HeatIPs Diet, of Praet. Sm’g,, Art. “ Crystalline Lens, ’ 
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Strabismus. — Squint is sometimes liereditaiy, though Mr. 
Priestley Smith tells me very rarely. Portal"', in his Conside- 
rations sur les Maladies de Pamiile,” describes an imperfect 
form, called the Montmorency sight, with which nearly all the 
members of that family were affected. In speaking of squint, it 
must be very carefully borne in mind that the only true con- 
genital cases are those which are noticed instantly after birth. 
This sounds like a truism, but it is a very necessary caution, 
since there are many cases noticed, not at birth, but within the 
first few weeks of infancy, which are called, incorrectly, con- 
genital. These last-mentioned cases are secondary in their 
nature and follow upon hypermetropia, which is very commonly 
hereditary. As regards tlie true hereditary cases, "Welcker and 
Landolfc f remark that they probably result always from some 
lesion of the nerve-centres or of the motor-oculi nerve in intra- 
uterine life. The muscles corresponding are then rudimentary 
or present abnormal insertions, as in a case recorded by M. 11 enck, 
who had the opportunity of making an autopsy on a child thus 
aifectedj. I am informed, I should say, that the question as to 
whether the muscles are really shortened in this affection, is one 
which is much disputed by ophthalmologists. As regards the pri- 
mary hereditary hypermetropia, which is often the cause of the 
secondary strabismus, since the hypermetropic eye is smaller 
than normal, a deficiency of material may be the factor which 
produces it, or, and I think more probably, the defect may have 
a nervous origin. As regards the opposite condition of hered- 
itary myo|)ia, Mr. P. Smith writes § : — Firstly, there is the 
hereditary predisposition. Different observers estimate the 
importance of this factor very differently, hut hardly anyone 
will deny that under similar circumstances, the children of 
myopic parents are more liable than others to acq,nire myopia, 
and that this fact is a weighty one in relation to the general 
progress of the disorder through successive generations. 
Whether the transmitted tendency depends chietiy on pecu- 
liarities in the tissues of the eyes themselves, or on the mechan- 
ical relations subsisting between the eyes on the one hand, and 

* Of. Bibot, “ Heredity,” Engl. transL p. 39. 

t Trait4 eompL d’Ophtbaim. voL iii. p. 867. 

I ‘‘Ueber aiigeb. vererb. Beweglichkeits-Defect cler Augen/’ Klin. Monats. 
i. 1079. 

§ Ophtbal. Eev., June 1886. 
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the muscles, the optic nerves, and the orbits on the other, is not 
yet positively ImoAvn. Secondly, there is the supposed corre- 
lation between the growth of the brain and the growth of the 
eye, by reason of which a high degree of cerebral development 
is apt to be associated with an overdevelopment of the eye ” 
(The remaining twm causes given in the paper quoted from are 
not germane to the subject of hereditary defects.) The con- 
sideration of the defects dealt with in this last section will be 
better deferred to the section in which the influence of nerve- 
action is discussed. 

Absence of the Essterml JEar . — Sedgwick gives a case of 
absence of the left external ear — a father not himself presenting 
the defect, had a son who did ; the father’s cousin, a male, was 
affected as were two of his male children, a daughter escaping. 
This case, as he remarks, seems to point to the existence of the 
defect in some earlier ancestor. The same writer quotes a case 
recorded by Anderson Smith t in which a woman, two of her 
daughters, and two grand-daughters, had rudimentary lobules to 
their ears, the male children and grand- children being normal. 

Cleft Lobule of the Ear . — ^This condition is of particular interest, 
since it was first brought into prominence by being advanced 
as an example of the heredity of a mutilation, in opposition to 
Weismann’s views. So far from this being the case, the defect, 
now that attention has been directed to it, seems rather to 
support his contention. It is to be hoped that the stimulus 
to observation given by the publication of Weismanii’s Essays 
may lead to the clearing up of more of the many vexed questions 
in the field of Teratology. The history of the controversy on 
this condition is as follows. Dr. Emil Schmidt | described a 
case in which the mother had acquired a cleft of the lobule of 
the left ear by the tearing through it of an earring whilst at 
play, at the age of 8 years. Of her eight children, the second, 
a boy, presented a cleft of tbe lobule of his left ear, which 
was regarded by Schmidt as an inheritanee of the mother’s 
mutilation. However, His § and Weismaiin |i have both pointed 
out that the cleft in the son’s ear is quite different from that 
of the mother, and occupies a different position. Eiiially, 

^ Med.-OMr. Eev. vol. xswiii. p. 206, t Ib, toL xxxi. p. 457. 

I “ Ueb. Tererbung indmd. erworb. Eigenscb.” OoiTesp.-Bl. d. deutsobea 
lies. f. ijitbrop., Kov. 1888. § i5. Marck 1889. 

I *IJeb. d. Hypothec einer Yererb. v. Yerletssungen/ Jona, 1889. 
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Br. Oscar Israel lias published a paper ^ on the condition, in 
which he describes two similar cases in which there is no niuti-“ 
lation in the parents. Moveover, he points out that the cleft 
always has its site in the position of a fissure of normal occurrence 
in the deYelopnient of the ear, which fissure has been called by His 
“ Sulcus inter tragicus.’’ The malformation, therefore, falls into 

line with the other congenital clefts as an arrest of development. 
Branchial Fistula, — failure in the closing of the branchial 
clefts producing the condition known as branchial fistula is at 
times hereditary. In fact the influence of this factor appears to 
he considerable, since Heusinger t was able to trace its action in 
seventeen out of forty-six individuals* The following table 
given by Ahlfeld from Ascherson J gives a good example of an 
affected family':— 

Rx 

^ 

II I “^1 

F,X M.n. Rx Rii. 

1 _l 

! ! I I ! I I 

Rx Rn. M.x Rx Rx F.X M.ii. 

The condition seems to be undoubtedly blastogenic, though 
whether due to lack of material or to nervous causes is not clear. 
Hypospadias , — This malformation is sometimes hereditary. 
Lucas § gives a case in which grandfather and father both were 
affected; whilst the son had the same defect combined with 
atresia an! and rectum opening into the urethra. In another case, 
alluded to by both Darwin and Lucas, and originally described 
by Meckel ||, a female in whose family hypospadias was present, 
gave birth to two so3is, both affected with the same deformity. 

This exhausts the list, so far as I am aware, of hereditary mal- 
formations of the second sub-division. The last division, that of 
abnormalities not due to faults of formative material, which must 
next he dealt with, will not require any very lengthy consideration. 

* Aiigeb. Spalten d. Ohrlappchens” Vii’ch. Arch. Bd. 119. S. 241, [Since 
this paper W£is written, several communications have appeared on the subject, 
the titles of which are here given for the sake of completeness :-~Ornsteiii, Arch, 
f. Anthrop. t, xviii. f, 4; v. Swiecieki and His, Arch, f. Anat, u. Entw., lahrg, 
1890, Hft. 5 & 6 ; cf, also Laloy, ** Malform. Her^d, du Pavilion de TOreilie/’ 
HAnthropologie, i, p. 5. — Fete, Bee. SO, 1890.] 
t Yirch. Arch. Bd. 29. S. S58. 

I Be fistulis colli congenitis, Biss, pro venia legend! (Berlin, 1832). 

I (From Br. Bitter voa Bottembourg,) vol. i. p. S24. 

I Hdb. d. path. Anat* vol. i. p. 20. 
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Part 3. — Ilalformatioom possibly Mechanical. 

It will ‘be most convenient to take tliis group under tlie liead- 
iiigs indicated in tke first section. 

Clefts clue to Tmioicrs, — Fcetnses fiorn witli such deformities 
are, I believe, almost always still-born. In any case I have 
never met witb an account of any case wliere sncb a condition 
was hereditary. 

Clefts clue to Flmch of cm Inflammatory Nature. — As examples of 
tbis may be mentioned such defects as abdominal fissure, sufferers 
from wbicli are always still-born ; aneucepbaly again, a condition 
in wliicii life is impossible for more than a few hours at the 
most ; with, possibly, spina bifida. Opinions are, however, 
divided on tbis question. “Wbicb is tbe primary defect,” says 
Mr. Treves arrest of development in tbe bones, or dropsy of 
tlie membranes? Does tbe deficiency in tbe bony canal en- 
courage a protrusion of tbe membranes ? Or has tbe protrusion 
prevented tbe proper formation of tbe osseous canal ? To tbis 
question, be says^ no satisfactory answer bas yet been given. 

Defects clue to Formation of Inflammafory Fibrous Tissue . — 
That part of tbis section wbicb relates to deficiencies of extremi- 
ties bas already been sufficiently dealt witli in tbe paragraphs on 
Peromelia and Perodactyly, since most of what was there said in 
connection with the influence of amniotic hands in the produc- 
tion of defects might also he applied to the present question. 
As far as atresia aiii is concerned, if any cases are attributable 
io the cause under consideration, that defect is of no importance 
so far as this inquiry is concerned, since there is no evidence, so 
far as I am aware, that it is ever hereditary. 

Defects clue to Amniotic These defects are of a 

totally different nature to those previously discussed in con- 
nection with the amnion. The defects of this class arc due to 
the conipx'essiiig action of an amnion free from obvious inflam- 
mation or other disease, Tbis pressure may follow, it appears, 
from (1) a deficiency of liquor ainnii, whereby the foetus is 
brought too much under tbe influence of tbe amnion and 
possibly also of tbe uterine walls; (2) a want of sufficient 
growth on tbe part of tbe amnion itself, whereby the growing 
embryo is compressed ; (3) possibly, tbe abnormal size of tbe 

* Intemat. Incycl. of Surgery, vol. iy. p. 891, 
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child itself. It is, however, unlikely that this factor, save 
perhaps in very rare cases, can produce any lasting effects. 
Every ohstetrician has seen large children with their feet 
tucked,” to use the common phrase, hut which have suffered 
no permanent injury. The malformation, however, which does 
require some consideration here is that of Talipes, which is at 
times hereditary, and which is thought by some to be caused by 
amniotic pressure. I shall, I think, give the best idea of opinion 
on this subject by some extracts from a very careful monograpffi 
on the question by Parker and Sliattock^'. "With regard to 
nerve causes which have been considered by some to be the most 
probable solution, they say : — “ By those who advocate this 
theory it is argued, that because talipes ensues after recoguized 
nerve-lesions, a nerve-lesion must therefore be the cause of those 
forms of talipes which are congenital, since the two deformities 
are so outwardly alike. This argument, they think, is strength- 
ened by the fact that talipes is often associated with malforma- 
tions of the nerve-centres (such as anencephalism, spina bifida, 
&c.). In the first place, the supposed nerve-lesions have never 
been demonstrated. Apart from the fact that in our own case 
the nerve-centres and the nerve-trunks were perfectly normal, 
there are clinical facts which tell against the nerve theory of 
causation. The most important of these is that talipes is an 
accidental, and notan essential, sequel of paralysis .... If further 
evidence in this direction he needed it is to be found in the fact 
that congenital malformation of the nerve-centres occurs without 
the association of talipes, as is abundantly shown by the speci- 
mens of anenceplialus preserved in museums j Mr. Pepper has 
recorded t a case of so-called complete absence of brain and 
cord associated with talipes calcaneus of both feet, among other 
deformities. In this case we should have to assume a negative 
action of the nerve-centres, a w^aut of nerve- control, perhaps, if 
we would invoke a nerve-cause at all . ... We think it auite pos- 
sible in a few cases that there may he a nerve-iesion apart from 
such manifest conditions as spina bihda, <fee. Por very occa- 
sionally at the time of birth (and the same may be found at 
comparatively early ages in the foetus) the limb is more or less 
atrophied, a condition which is especially observable when the 

^ Trans. Path. Soc. voL xsrr. p. 423. 

t Med. Press and Circ., May 8, 1878. 

LIS5. JOUEH-. — ZOOLOGY, TOL. XXIII. ,34 
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atrophy is confined to one side. We must, bowcvery confess 
that wo have no direct observations on the nerve-cenkes in 
support of these views. They are derived solely from clinical 
observations of cases, and the results may very well be put 
down as due to mechanical causes, and belong to the same 
category of cases as intra-uterine amputation &c.’* In con- 
clusion, they say : — We think that of ail the explanations of club- 
foot hitherto Differed, a mechanical one is the most reliable and 
satisfactory for the great majority of cases.’’ Their remarks on 
heredity in connection with this malformation are also worth 
quoting. With regard to heredity, the whole question is so 
obscure that it is hardly profitable. Although cases of hereditary 
transmission of the deformity from parents to children do 
undoubtedly occur, yet in the vast majority of instances no such 
hereditary infiueuces can be traced, and this is even true in 
instances where several children in the same family have suf- 
fered. The infiuence of heredity, however, may he invoked with 
equal force, whatever view of the pathology of the disease be 
adopted. But at first sight it may seem not a little remarkable, 
that in some cases the deformity is transmitted along the 
paternal line; and it may be difficult to harmonise this fact 
with the influence of environment on which we have insisted. 
It need only be remarked, however, that the environment of 
the foetus depends upon the foetus itself, not less than upon the 
mother. Bor most recent observations show that the liquor 
amnii may he considered throughout a foetal and not a maternal 
product. Excess or deficiency in its amount may, therefore, be 
the result of a tendency inherited either from the father or the 
mother.” It is evident that no definite opinion can at present 
be hazarded as to the cause of talipes and, therefore, as to its 
nature, whether blastogenic or somatogenic. 

Deficiencies due to Amniotie Adhesions . — These have already 
been discussed suflSciently in earlier sections. 

Having now passed in review all the congenital malformations 
with which I am acquainted, it remains for me to consider in the 
succeeding sections certain general questions which appear to 
need a separate treatment. These include, inter ali% the effects 
of maternal impressions and of the maternal nutrition upon the 
development of the embryo ; and the part, if any, played by the 
nervous system in the production of abnormalities during the 
same period. 
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Section III. — Cohsiberatioh or ceetaik possible causes 

OE MALFOKMATlOiS’S. 

Part 1 . — Mental Ijnpressions. 

Mental impressions of the pregnant woman reacting upon tlie 
developing fcetns ^Ye^e for years supposed to be a potent factor 
in tbe production of abnormalities. This question is an import- 
ant one, since abnormalities so produced would be undoubtedly 
somatogenic. Tlie theory has, however, been long abandoned bjq 
I believe, all biologists. Trolik ^ years ago formulated bis 
reasons for denying its action. These x*easons are to my mind 
unanswerable, ami, in order that this paper may be as complete 
as possible, I shall reproduce them here witli some additional 
comments. 

(1) As Allen Thomson points outf, ‘‘It may be remarked that 
the stage of the period of pregnancy at which the injury of the 
child may take place is by no means defined, and that there is 
no correspondence between the time or advancement of the 
foetus and the nature of the injury. Some injuries are said to 
have occurred or to have had their foundation kid at the very 
moment of conception, and even occasionally before that time, 
while others are inflicted only a few weeks before birth.’’ Where 
by chance the time of the supposed “ impression” does coincide 
with the malformation, and this is the case in a very small 
minority of instances, there is no reason to suppose that the occur- 
rence is other than a coincidence, for the reasons which follow. 

(2) “ That malformations seldom, or perhaps never, agree with 
apprehensions or fears d priori of pregnant women (&. Vrolik, 
T, Zimmer, J, J. Plenck, and Eurdaeh). On the contrary, it often 
happens that a woman who has once procreated a malformation, 
and is continually troubled by the fear of another similar sad 
occurrence, may become the happy mother of a second ivell- 
formed child.” (Vrolik.) 

(3) Thera is no nervous connection between mother and child 
through which such an impression could act. There is abundant 
evidence to show that a violent mental shock to the mother may 
cause the death of the foetus and its subsequent expulsion. Thus 
Priestley J says : — “ There is no doubt greatly increased nervous 

* Todd’s Cyclop, of Aimt. & Piiys., Art. Teratology,” 

t Ib, Art. G-eueratioii,” J Pathology of Intra-Pterino Death, p. 68. 

3 #- 
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tension in all pregnant women. Priglit, anxiety, a aiuklen ioipres- 
sioB made upon tlie mind or body, may not only initiate iiteriiio 
contraction at any period of pregnancy, but there is every reason 
to believe tliat a sudden mental shock may at once kill the early 
embryo or more mature child even if it he retained some time 
afterwards, itepeatedly it has occurred to me, as to others in 
practice, to have patients dating the exact time of their child’s 
death in utero to some alarm of siiocking occurrence which has 
profoundly affected the whole nervous system. The immediate 
effect described wms first violent perturbation and undue active 
movement of the child for a brief interval, followed by cessation 
of foetal movement, and absolute quiescence in the future. In a 
few rare instances the woman has been mistaken in supposing her 
child to be dead after a shock or fright she has experienced, but in 
a large number of cases the relation between the cause and the 
effect has been too clear, to he accounted for by .'nere coincidence, 
and the child has sooner or later been expelled dead, possibly 
both dead and putrid. It is no nneommon thing for a woman in 
early pregnancy, on the receipt of bad news, which much per- 
turbs her, to be seized with uterine hsemorrhage, ending in 
abortion. Condemned wnmen prior to execution have been 
known to abort hefoi’ehand, and, under the influence of terror 
and pain, martyred women in former days are said to have 
aborted at the stake. So potent is mental influence on the 
stability of pregnancy, that I have had reason to believe the 
mere dread of miscarriage has in some women been axi import- 
ant factor in bringing it about; and I have known pregnant 
women w^ho have previously miscarried, get into such violent 
mental agitation as the time approached at which they had aborted 
before, that the event they feared was precipitated, and preg- 
nancy was brought to a premature conclusion.” 

It is not difficult to understand how, by undue oxygenation 
of the blood leading to foetal asphyxia, or by some chemical 
alteration in its constitution, at present nnrecognized, the death 
of the embryo might be caused, but it does not appear how its 
mal-development can be accounted for by similar causes. 

(4) Malformations, and those of a similar nature to those met 
with among human beings, occur amongst lower animals, where 
the effect of an impression ” can scarcely be postulated. 

(5) One of a pair of twins may be malformed, whilst the other 
escapes. 
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(6) More deeply situated organs, the very existence of which 
may be unknown to the pregnant woman, may be malformed ; as, 
for instance, the heart, the intestinal tube, &cf’ ( VroUk.) 

Knaily, I may conclude this section with the words of 
Thomson : — We concdude by adopting and expressing the words 
of Dr, Blundell, ‘ that it is contrary to reason, experience, and 
anatomy to believe that the strong attention of the mother’s mind 
to a determinate object or event can cause a determinate or a 
specific impression upon the body of her child without any force 
or violence from wdthont ; and that it is equally improbable that, 
w'hen the imagination is operating, the application of the 
mother’s hand to any part of her own body wall cause a disfigu- 
ration or specific impression on a corresponding part of the body 
of the child; ” 


Part 2 . — Mjfect of Maternal Miitrition* 

The contention may possibly be raised, as has been hinted in 
earlier sections, that the state of the mother’s nutrition during 
the period of pregnancy may he a factor in the production of 
abnormalities. The forms in which this kind of infiuenee might 
a priori be expected most probably to take effect are those of 
dwarfs and giants, but as I endeavoured to show, when dealing 
with those groups, there is no evidence of this factor being of 
any importance ; indeed there seems, on the contrary, good reason 
for the formation of an opposite opinion* The case of the lion- 
cubs afiected with cleft-palate is, however, one which at first 
sight seems to lend some colour to such an hypothesis. In 
considering it, however, it must not be forgotten that these 
■were not hereditary cases, but had, in all probability, a specific 
cause, and ceased to occur when that cause was removed. On 
the other hand, there are numbers of cases wdiich might be cited 
wdiere faults of excess and of defect co-existed in the same 
cbiidren, to explain both of which by the nutrition hypothesis 
would seem to he a very difficult matter. Thus, for example, in 
the Heinzler family polydactylism and defective development of 
the teeth co-existed. And, again, and this case is of special 
interest in connection wfith the lion-cub matter, Eoux * has 
recorded an instance where a father and child were both the 


^ Lucas, op, cit. voi i. p. 307. 
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subjects of bare-lip and cleft-palate, and both also possessors of 
sis digits. I may again revert to the views of Gcddes and 
Thomson, on the subject of the influence of nutrition on the 
determination of sex. Should it be the case that this is tlie 
determining factor, it would be a strong argument in favour of a 
direct somatic influence upon the gerin-plasin, though even then 
it would not prove that the state of the maternal nutrition had 
anything to do with the production of abnormalities. Meantime 
the hypothesis just referred to requires a great deal more proof 
before its acceptance can become at all general. 

Medical literature is full of cases illustrating the influence of 
the state of health of the parents, both male and female, in pro- 
ducing the early death of the foetus, or the birth of sicldy, ill- 
developed childreu. Dr. Priestley states that lie knew of one 
case where a man the subject of slight albuminuria married a 
young woman apparently in perfect health. They had one child, 
delicate and fragile, within a year, and the wife aborted subse- 
quently in three successive pregnancies— the husband growing 
weaker year by year, and eventually dying of uraemia. Lead- 
poisoning and other affections of the parents, most notably of 
all syphilis, may be followed by the same results. Again, as 
Stolz^ has observed, fat wmmen are often sterile and if they 
conceive are apt to abort. He believes this depends on nutrition 
taking an abnormal direction, and that the nutritive fluids 
destined for the nutrition of the embryo are thus insuflicient for 
its development. All these influences, however, produce, as 
might be expected, general effects upon the whole fcetus, and not 
isolated or scattered abnormalities, at least so far as we at 
present know. ... 


Part 3 . — Effect of Placental Diseases, 

Various diseases are known to attack the placenta, in many eases 
causing the death of the fcetus. Is it possible that these may in 
any instances lead to the production of abnormalities where in- 
sufficient to cause the death of the foetus? I Isave searched 
tlirougli a considerable amount of medical literature without much 
result. Ercolani t does not mention any such possibility. In 

^ Des Aecouehenients (quoted by Priestley), 
t Histology and Pathology of Beproduction, 
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fact the only note on the subject which I haye been able to find 
is a remark by Priestley that Spath in nineteen cases in which 
calcareous concretions were present in the placenta, found one 
of congenital rachitis, one of spina bifida with hydrocephalus, and 
one of slight hydrocephalus. On which Priestley remarks that 
the presence of calcareous deposits, in the placenta, therefore 
seems associated with some pathological conditions unfavourable 
to the welfare of the child, although the adverse influence does 
not proceed far enough in most cases to extinguish life.” It is 
to be noted that the first and last of the cases mentioned are cases 
of foetal disease, and that the second one, seeing that hydrocephalus 
was also present, almost certainly comes under the same category. 
As in the case of parental nutrition, it seems more likely that 
disease of the placenta would produce general rather than special 
effects upon the foetus. 


Section IT. — Ok the possible Neevoijs Oeigik of 
CEETAIK MaLFOSMATIOKS. 

Part 1 . — Affectmis of a possibly TropMe JSFature^ 

Under this heading I desire to discuss the possibility of an 
inefficient action of the nerves during the development of the 
embryo being a cause of malformations. I have used the word 
trophic,” not because it quite expresses what I mean, but be-^ 
cause I know of no better term. The point I wish to raise is, 
whether the trophic nerves or other nerves allied to them have 
not a potent action in directing the development of the embryo^ 
and whether a failure for any reason on the part of these nerves 
to do their wmrk may not be followed by certain malformations. 
In considering this question, it will first be advisable to learn wliat 
efiects follow upon trophic failure in post-uterine life. Landois 
and Stirling ^ say in this connection, that the nutritive changes 
which follow in the eye, upon section of the ophthalmic division 
of the fifth nerve, are best explained by the theory of trophic 
fibres, whose centre is the Grasserian ganglion, and they proceed 
to state : — “ The trophic disturbances which sometimes accompany 
affections of the trigeminus are particularly interesting. They 

Text-Book of Human Physiology, vol. ii. p. 790. 
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are — a brittle cliaractex’ of the liair, which frequently becomes 
grey or falls out ; circumscribed areas of inflammation of the 
skin, and the appearance of a vesicular eruption upon the face 
(often following the distribution of certain nerves), which may 
also occur on the cornea, constituting the neuralgic herpes 
corne^e of Schmiclt-Eimpler. Lastly, there is the progressive 
atrophy of the face, which is usually confined to one side, but may 
occur on both sides. It is caused very probably by atrophic 
affection of the trigeminus, although the vaso-motor nerves may 
also be affected reflexly.” The following cases will illustrate 
the eflPects : — 

(1) Otto Schmidt^ was first affected at the nge of ten, 
atrophy of the left side of the face commencing at that age. At 
the age of forty-one, the muscles, bones c%c. of the left side of the 
face were much smaller than those of the right, and all the sub- 
cutaneous fat had quite disappeared, no hair save a very small 
moustache growing upon that side. The left orbit was much larger 
and the eye deeply sunken from disappearance of the post-orbital 
fat. Atrophy did not extend beyond the vertex. The median line 
of the face was crescentic, with the concavity directed to the left, 
from the shrinking of that side. The left side of the tongue was 
atrophied, and the sight of the left eye impaired, though not from 
atrophy of the optic nerve. The sense of smell and discharge of 
mucus were both less on the left side than on the right. All these 
changes were probably due to some lesion of the trophic fibres of 
the trigeminus. 

(2) Dr. Stewart f has recorded a case where the patient, a 
hoy, aged 14, was severely frost-bitten at the age of ten, on 
the left cheek and ear. Eigliteeu months after, atrophy was 
first noticed. Two years later, when he came under notice, 
atrophy affected those parts of the face innervated by the two 
lower divisions of the fifth nerve. The skin, subcutaneous tissue, 
muscles, and bones were all atrophied, the muscles least. The 
lower jaw was thinner and shorter, and the upper distinctly 
atrophied on the left side. The teeth were well developed. 
Owing to atrophy of the turbinated bones, the left nostril was 
uider than the right. There was distinct atrophy of the left half 

* The account is taken from a note made when Prof. Purser showed the 
|)atient to his class in tlie Lnimsity of Dublin, 
t Montreal Med. Journ, 
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of tlie tongue, more marked anteriorly. There was no affection 
of any of tbe special senses, nor any disturbance of deep or 
superficial sensation, nor was there any difference of tempera^ 
ture between the two sides. 

(3) Mendel has reported the results of a very thorough 
examination he made of the fifth nerve in a case of facial 
hemi atrophy, of many years’ standing, in a woman. This 
woman had also atrophy in the region innervated by the left 
mnsciilo-spiral nerve» She died from phthisis. Her case was 
first described by Eomberg and more recently by Yireliow. Tlie 
symptoms W'ere those of a typical left facial hemiatrophy. 
Mendel found all the branches of tbe left fifth nerve, from their 
origin to their termination, the seat of a proliferating neuritis. 
A marked and similar difference was found in the size of the 
inght and left descending roots of the fifth nerve, and also in the 
suhstantia ferruginea, the alleged nucleus of the so-called trophic 
root of the fifth nerve. This examination shows that, at least in 
some cases of facial hemiatrophy, we have to do with a neuritis 
of the fifth nerve. 

Such being the effects of trophic lesions in post-uterine life, 
we have now to consider wdiat evidence there is for any similar 
affections occurring in the developing foetus. We know^, unfor- 
tunately, so very little about the directing causes of development 
ill the embryo, that all speculation of this nature must be some- 
what hazardous. I shall now detail such cases as I have met 
with, as seem to lend probability to such an action of the nerves 
during development as I am arguing for. 

(1) I have first to revert to the exceedingly interesting remarks 
made by Oakley Coles, in his chapter on the etiology of cleft- 
palate, to which I have already referred, but which must now be 
more particularly considered. “The frequent association,” he 
says, “ of cleft-palate with defective development of the brain 
has long been observed f, and various hypotheses have been put 
forward to explain the connection. Thus, in the early part of 
the century, Tledemann % observed that in certain cases of clefi- 
palate the nerves of smell are wanting or imperfectly formed, and 

* iSfeurol. Oentralbl., July 15, 1888. 

t Leuckart, ‘ IJntersuch. iib. den Zwiselien Iviefer-Knochen des Menschen/ 
Stuttgart, 1840. 

I Zeitsohr. f. Phys. Bd. i. S. 71, 
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he was therefore inclined to attribute the deformity in the palate 
to a deficient development of the framework of the olfactory organ 
consequent upon the nervous defect. This view, however, never 
met with any general acceptance, and M. J. Weber (no mean 
authority on the subject) states ^ that he has never seen the olfiic- 
tory nerves absent in any case of fissured palate. According to 
Dr. Eagel, on the other hand, the deformity is due to increased 
breadth of the anterior portion of the head, caused by a variety 
of conditions of embryonic life, such as hernia cerebri, dropsy of 
the third ventricle or of the lateral cornua of the lateral 
ventricles, or excessive development of the anterior cerebral 
lobes. Or, in other w^ords, to a purely mechanical disturbance 
of the relative position of the parts involved. But while ad- 
mitting the accuracy of Dr. Engel’s observations, it is impossible 
to accept his deductions from them. Eor cleft-palate is found 
to occur more frequently in connection with a microcephalic 
shull than under the conditions quoted by Dr. Engel ; and thus his 
hypothesis, even if true, would only explain the causation of a 
limited proportion of cases. It is far more probable, however, 
that the relations between the two deformities, the cerebral and 
tbe palatal, is not one of causation, but one of concurrence, both 
being common effects of a grave vice in the developmental energy of 
the foetus. . . . All, perhaps, that we can safely say on the subject 
at present is that cleft-palate, hare-lip, and other similar anom- 
alies of development do frequently occur in conjunction with faulty 
development of the brain, whether bilateral or unilateral, hyper- 
trophic or atrophic ; and it is quite possible that the two kinds of 
deformity maybe related to each other as cause and effect. But 
the facts that hemieephalic and microcephalic infants are born 
with perfect palates, %Yhile the subjects of palatal deformity are 
in many cases of high intellectual power, would appear to sliow 
that the two deformities are rather the combined effects of a 
common cause.’’ Again, after speaking of tbe perfect condition 
of the palates of ancient and modem uncivilized races, and com- 
paring their state with that of civilized races, he says We shall 
be led to tbe inevitable conclusion that the relation between a 
high state of civilization and a high proportion of palatal defor- 
mity is something more than a mere matter of coincidence ; and 
the sti^ength of such conclusion will not be lessened by the state- 


* Froriep’s Hotizen, Bel. xis. Ho, 18, S. 282. 
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Dients of Walfcher'^' and Langenbeck t, both of wliom maintaia 
that the severer forms of cleft-palate have become more common 
within their own recollection. To draw more precise conclusions 
from considerations such as the above,” he proceeds, “ -would be 
beyond the scope of the present article, bnt it may not perhaps 
be out of place to suggest that the dilference between the con- 
ditions of civilized and uncivilized life is quite as much a matter 
of increased nervous strain as of changed physical environment ; 
that the over-taxed nervous system, which in the parent manifested 
itself only by fanctional instability and subjective remonstrance, 
may, in tlie child, issue in objective defect and an actual refusal 
to complete its ailoted task.” 

(2) Dr. Laiigdon Dowm has drawn attention to the occurrence 
of palatine abnormalities in congenital idiots. Out of two hun- 
dred cases observed eighty-two “ possessed palates inordinately 
arched, and with this increased arching -vmre noticed various abnor- 
malities. In seven the palate-bones did not meet, leaving a sulcus 
between them, the mucous membraue being, however, continuous. 
There was no instance of the ordinary cleft-palate, and I may 
remark that in an examination of nearly six hundred idiots, I have 
failed in meeting with an example of that deformity. In several 
the hard palate extended but a short distance posteriorly from 
defect of the palatal process of the superior maxillary bone and 
entire absence of the palatal bone, and in all these cases the velum 
palati -was unusually flaccid. In the majority of cases there was 
marked narrowness of the palate’^ 

(3) In describing cases of hereditary ataxia, or Friedreich’s 
disease, my colleague Dr. Suckling says that the association of 
the disease with other deformities is interesting. In the one 
family, one son was born with deformity of the foot, and a daugh- 
ter -^ith only one upper limb. In the other family two con sins 
■were born bald. There is no doubt that the deficiency iu the 
nervous tracts is a congenital one, and due to a fault in develop* * * § - 
meat ” §. 

(4) Beige! |l, in a paper on albinism and nigrism, gives it as 
his opinion that these conditions are due to nervous affections. 

* Graafe u. Walfcher’s Journal, Bd. xxi. S. 175. 

t Neue Bibliothek fiir die Chirurgie, Bd. iv. Hft. 3, S. 492. 

J Mental Affections of Childhood and Youth, p. 159. 

§ Eepr. from Illustrated Med, Kews, 1890, 
il Yirch. Arch, xliii. 629. 
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(5) Striciter gives tlie case of a iiimilj wliere, amongst liair 
otherwise perfectly black, a white lock existed. This abnor- 
mality ran five generations, the first individual known to possess it 
having lived in 1720, and the case having been described in 1877. 
If Beigei’s view be correct, this may also have been due to a ner- 
vous defect. It is, indeed, difficult to know bow else to account 
for it. 

(6) Mr, Lloyd Owenf has described carefully a case where 
congenital nystagmus was transmitted through four generations. 
This condition appears to be due to some congenital defect of the 
nerve-centres. 

(7) Bland Sutton J gives the following case. — “ A woman in the 
fifth month of gestation fell downstairs on her abdomen. At the 
eighth month she was delivered of a child, the upper part of the 
body presenting the proportions of a foetus of corresponding date, 
but all parts below the navel agreed with those of an embryo of 
the fifth month of intra-iiterine life. Dissection showed that the 
spinal column ended at the first lumbar vertebra, the remaining 
lumbar, sacral, and coccygeal elements being absent. The skin 
of the legs was exceedingly thin, and, on reflecting it, tlie bones 
were found to be thin and to present the characters of those of 
an embryo of the fifth month. All the other tissues of the legs, 
muscles, nerves, ligaments, &c., were represented by adipose 
tissue. In this instance it is probable that when the mother 
fell, she fractured the spine of the foetus ; the result was to cut 
off nervous influences from the legs, •which in consequence retro- 
graded into fat.” He refers to other examples of this fatty 
degeneration subsequent to loss of nerve-influence §, and says that 

there seems to be, as Otto i| wms the first to demonstrate, some 
intimate relation between absence of nerves and fatty degenera- 
tion : and he points out that parasitic foetuses, which, as a rule, 
are devoid of nerves, always contain a very large quantity of fat 
in lieu of more important tissue-muscles and the like.” 

(8) Burst ir narrates a case where chronic hydrocephalus was 
accompanied by cessation of growth. 

^ U^ocli eine Familie von Haarmenschenf’ Yirch. Arch. Ixxiil 622. 

t Ophtbal. Eev. vol. i, p. 239. 

I Introduction to General Bathology,^ p. 85. 

§ Med.-Chir. Soo. Trans. Ixviii. p. 293. 

I Compendium of Human and Comp. Tath. Anat. (South's tran si, 1831). 

^ Tirch. Arch. xcvi. 357. 
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(9) Gowers lias described tbe condition of tbe brain in a case 
of congenital absence of one band. The subject was a malt‘, 
aged 40, who was born without a left band. The forearm bones 
were well developed, but at the extremity there was only an 
irregular mass of bone consisting apparently of tlie two rows of 
carpal bones, very imperfectly developed and ancbylosed together 
except at one point. In the brain there was a marked difference 
between the two ascending parietal convolutions. At their origin 
at the longitudinal fissure, for the first inch of their extent, they 
were nearly equal in size, and continued nearly equal for the 
upper inches. In the next (middle) two inches there was 
a very marked difference, the right being a narrow single convo- 
lution, and tbe left broad and depressed by a slight secondary 
sulcus. This occupies precisely the area, stimulation of which, 
according to the experiments of Terrier upon monkeys, causes 
movements of the opposite hand. It is, of course, impossible to 
say whether the brain or tbe band defect was the primary one. 
The following remark of tbe autlior, however, renders it possible 
that the former may have been tbe cause : — “ I am not aware 
that tbe brain has been examined in any similar ease. In several 
instances, in cases of old amputations of the arm, an atrophy has 
been found, but it has been slight, and has not been uniformly 
localised.” 

These facts, I think, render it probable that the nervous 
system exercises more influence upon the course of deve- 
lopment than has been hitherto attributed to it. It is true that, 
on the opposite side, it may be urged that aiiencopbalous foetuses 
are fairly -well developed and are yet without brain. To this it 
may be replied — 1st, that the development is more apparent than 
real, since the bodies of such foetuses are always overloaded with 
fat, a condition which, as we have seen, follow^s upon loss of nerve 
influence; and 2 nd 5 that we do not know the date at •which the 
disease occurs w^hich causes the defect. Certainly it is later than 
the period at which the eyes are fully formed. It may be that 
the disease does not occur until after development has proceeded 
sufficiently far to proceed with the remnants of nerve system which 
exist. It must not be forgotten that these forms sometimes live 
and breathe for a short time, showing the existence of some im- 
portant parts of the nervous system. 

As regards the kinds of malformations most likely to follow 


^ ‘Brain; Oct. 1878. 
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upon a loss o£ nervous influence, it appears to me tliat many of 
the clefts eau best be accounted for in this way. b or example, it 
is a little difficult to see bow a branchial fistula can depend upon 
a lack of material, since the aperture at the time of failure to 
close must be excessively small.' On the other hand, it is not 
difficult to see how a failure of power to close, due to a Avant of 
nerve influence, may cause the persistence of the cleft. A similar 
explanation may be offered for some of the forms of cleft-palate 
where there is no apparent lack of material. The co-existence of 
several malformations in the same region seems to point to some 
common cause, which is niost probably to be sought for in the 
nervous system. Such grouped malformations occur most often 
ill the face in connection with ears, eyes, and palate. It is sug- 
gestive to observe that these are in the region of supply of the 
trigeminus nerve, and that, as Anstie’^ observes, “ the nervous 
centre in wffiich the trigeminus is implanted is, of all nervous 
centres, the one which in the human subject is most liable to con- 
genital imperfection of the kind which necessitates a break-down 
in its governing functions at special crises in the development of 
the organism.’’ 

Here at present I must leave the subject of the connection of 
nerve influence and congenital lesions ; at a later part of tliis paper 
I shall recur to it in relation to the origin and development of a 
malformation. 

Part 2 . — Affections due to Excessive mid Irregidar 
Eerve- impulse and Muscular Contractions* 

It is, of course, a well-knownfact that the child after a certain 
period of intra-uteriue existence is capable of making a eonsidor- 
able amount of use of its muscles, and, moreover, that the amount 
of movement varies in different children. Many have held that 
an excess of this movement, exercised with irregularity, is the 
cause of various malformations. Talipes is that which has boon 
most commonly attributed to its influence ; thus Lowne f groups 
the various forms of that defect under the heading of ‘‘Distor- 
tion from irregular muscular contraction.” These malformations, 
he says, “ are probably due to some form of cerebro-spinal irrita- 
tion or defect.” Again, speaking especially of the various forms 
^ Lancet, 1866, i. p, 654. 

t Terafcological Catalogue ofEoy, Coll, of Surgeons of England. 
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of talipes, lie says, “The question of tlieir origin from irregular 
muscular contractiou is still an open one ; bac tlie arguments in 
favour of tliis view are exceedingly strong.’^ Messrs. Parker and 
Shattock, as has before been mentioned, take a different view as 
to the etiology of the condition. In their specimen it is true 
that a microscopical examination revealed no lesion in the central 
nervous system ; at the same time it is a matter for argument 
whether this is proof positive that no nervous influence was con- 
cerned in the production of the condition. It seems to me at 
least possible that some temporary stimulus, say of a chemical 
nature, might set up irregular contractions in the muscles, without 
any changes resulting in the nervous system. We know that 
drugs administered to the mother can affect the foetus, and the 
same may be true of other chemical stimuli of w'hich ive may know 
little or nothing. If this be true, the resulting lesions would be 
somatogenic in their nature ; but we are at present in ignorance 
as to whether, in the first place, all lesions Nvhich are attributed 
to this cause are really due to it, or whether some of them may 
not follow upon a lack of material, as seems probable, in which 
case they would be blastogenic in their nature. And, secondly, 
supposing that these lesions owe their origin to more than one 
cause, we have no method, at present, of distinguishing between 
the two or more classes. Here, as in many other instances, it is 
much to be hoped that teratological workers will direct, in the 
future, more attention to the causation of malformations, so that 
these and other cognate problems may be cleared up. 


Section Y. — Hereditary Disease. 

The subject of hereditary disease is one which sliould not be 
neglected in an inquiry of this kind. I purpose, therefore, 
devoting a few lines to tMs subject in its connection with the 
present topic. 

The greatest confusion has been introduced into the contro- 
versy on acquired characters by some who have mixed up the 
various kinds of hereditary diseases, W'hich fail into classes of 
the most divergent nature, with one another and with hereditary 
variations and malformations. It will, then, be advisable to state 
what are the groups of hereditary diseases considered in relation 
to the present inquiry. 
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(1) There are diseases due to a specific infection, probably 
always bacterial in its nature. Small-pox and other similar 
diseases, with which the foetus may be infected by the mother, 
are of this Ivind. The commonest and best example is, however, 
that of syphilis, which may be communicated to the embryo by 
its mother, or to the embryo by the father, and by the embryo, 
in turn, to its previously uninfected mother. Diseases of tiiis 
kind have no bearing whatsoever upon the present question, 
though it is sometimes imagined that the}'' have. 

(2) There are conditions of the embryo induced by tlie presence 
of a poison, not bacterial in its nature, which may be present in 
the parental organism at the time of impregnation. To this 
group may possibly be assigned the cases of early intra-uterine 
death or congenital feebleness of the embryo, winch, as has been 
already stated, are caused by lead-poisoning in tlie male parent. 
Those cases, also, where feebleness of mind or body in the child 
seems to be the result of chronic alcoholism in the parent or 
parents. In connection with this subject I cannot refrain from 
mentioning the remarkable statements of Dr. Langdon Down^ 
as to the efiects of intoxication in the parents on the offspring. 
The case which he gives is that of a child (female) aged five years, 
without any deformity, but only 22 inches in height, and unable 
to speak. The first child of the family was healthy. Prior to 
the procreation of the second the father took to drink, the 
oftspring dying at the age of three years, and during its iite 
resembling that described above. The third was the child first 
mentioned; and the father was drunk when ho procreated it. 
The fourth wtis a miscarriage. At this period the father became 
again a sober man, and his wife had subsequently five perfectly 
normal children. The above case, the author says, is of great 
interest, hecauae it adds another to a group of cases which have 
come under his observation, of arrested development arising from 
the intoxication of one or both of the progenitors at the time of 
the procreative act. The whole group of cases has presented 
features of such close resemblance that it is diiEcult to avoid the 
conclusion that there was some unity of cause, and careful in- 
vestigation has elicited facts bearing on the etiology of these cases 
having a close parallelism to the circumstances which he believes 
to have been potential in this. He has known some of these 


* Traus. Path. Soc. xx. 419, 
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cases to attain tlie age of twenty, while still preserving infantile 
characteristics. If these deductions be true, it certainly would 
seem as if the soma was capable of exercising a greater influence 
upon the germ-plasm and its development than some writers are 
prepared to admit. 

(3) There are the diseases commonly called hereditary, such as 
gout, rheumatism, phthisis, and haBmophilia. These require a little 
consideration. The first t^vo are due to some fault in the chemical 
processes in the body, and at first sight seem to have little to do 
with the subject of congenital malformations. I believe, however, 
that this is more apparent than real, and that, as a matter of fact, 
they are more closely allied than on the surface appears to be the 
case. It is true that it is the chemical process which is at fault, 
but the primary flaw must surely be in the laboratory in which 
they take place. To say that we do not know the pliysical ex- 
planation of the failure, is no more than to say that we have not 
yet penetrated all the mysteries of human pathology. In the 
hereditary cases it would seem that the parent transmits to the 
offspring a flaw or weakness in the chemical apparatus, which 
under strain leads to its subsequent breakdown and the appear- 
ance of the characteristic disease. Such a flaw or weakness may 
surely with correctness he called an hereditary malformation. 
Again, as regards phthisis, the tubercular bacillus is only one 
factor ill tbe disease : there must also be a suitable nidus or soil 
for it to take root in ; the condition of tissue, whether intestinal, 
pulmonary, or otherwise, which provides this suitable soil is 
often hereditai’y, and may fairly be looked upon as an hereditary 
malformation. As regards hscmoiBhilia, there can he little diffi- 
culty in seeing that the hereditary malformation consists in 
some faulty consrructiou in the walls of the blood-vessels, which 
prevents them from behaving in the normal manner when cut 
or torn. As regards cancer and its heredity, since we are quite 
ignorant as to the cause of that complaint, it is useless trying 
to form any theory to account for its transmission. In the next 
and concluding section, I shall have to discuss the bearing of 
these facts upon the question involved in this paper. 
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Section VI.— Cokclfsiok. 

I have at various points in this paper had to allude to the 
unfortunate gaps in our teratological knowledge, which make 
the drawing of indisputable conclusions so very hazardous. I 
shall therefore content myself with briefly indicating those points 
W’hich have chiefly struck me in working at the subject. Even if 
the deductions be inaccurate, the facts and words of others collected 
in this paper may render it of some service to otliers working at 
the same subject, and probably especially so to those who are 
not members of the medical protossion, and who are therefore 
perhaps less conversant with its literature than those who, like 
myself, are in ttie constant habit of referring to it. I will now 
mention the points to which I have above alluded. 

(1) It is an interesting point that those malfonnations whoso 
bkstogenic nature is least in doubt are, speaking generally, those 
also whose hereditary nature is most distinct. I w'ould refer, as 
an example, to polydactyly, 

(2) Again, it is interesting that those malformations winch 
are undoubtedly somatogenic are, so far as I know, iion-horeditary. 
I allude to the abnormalities described in Section II. Part 3, 
but the remark just made must be taken with the limitation that 
so many of these forms are still-horn or survive hut a brief 
period. It might be thought tliat a further limitation should be 
made on account of the difficulty tliat gravely deformed persons 
might find in getting married ; but tliis is, I think, an unneuessary 
limitation. The study of teratological literature almost; seems to 
teach one that any person of* either sex can get married if idiey 
desire it. Let me give an example from both sexes. Butelier 
has figured^a woman and, her child both affected with the most 
aggravated form of double haredip and cleft-paiate, tbaii which 
scarcely anything can lead a more horrible appearance to the face. 
Butcher operated upon both at the same" time and remedied the 
defects to a large extent., On the other side, I knew of a man 
quite destitute of both upper and, lower extremities,' who was ,not 
only married but the progenitor of a welhformed and handsome 
progeny. I do not know the cause of the defect in his case. 

(8) It must he admitted that besides the cases which have been 
alluded to in the above two sections, there remain still a number 
of others as to which no definite conclusion can he, at present; 

* ' Bubl. loiim. of Med.:S(». ixiii. 
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arrived at. These have been already sufficiently indicated in the 
earlier sections of this paper, and need not, therefore, be now 
further specified. Much more extended observations will be 
required in most of these cases before it will be possible to settle 
the question as to their nature. 

(4) There are certain malformations which suggest the possi- 
bility that they may have been gradually acquired and subsequently 
transmitted to descendants. Some of these may iioAv be briefly 
mentioned. The question of hereditary myopia and hypermetropia 
is one which Weismaiin has considered in his essay ‘‘‘On Here- 
dity ’’“•h He there states : — “Those fluctuations on either side of 
the average which we call hypermetropia and myopia, occur in 
the same maoner, and are due to the same causes, as those which 
operate in producing degeneration in the eyes of cave-dweliing 
animals. If, therefore, we not unfrequently meet with families 
in whicii myopia is hereditary, such results may be attributed to 
the transmission of an accidental disposition on the part of the 
germ, instead of to the transmission of acquired short-sightedness. 
A very large proportion of short-sighted people do not owe their 
affliction to inheritance at all, hut have acquired it for themselves ; 
for 1:liere is no doubt that a normal eye may be rendered myopic 
iu the course of a lifetime by continually looking at objects from 
a very short distance, even when no hereditary predisposition 
towards the disease can be shown to exist. Such a change would 
of course appear more readily if there was also a corresponding 
predisposition on the part of the eye. But I should not explain 
this widely-spread predisposition towards myopia as due to the 
transmission of acquired short-sightedness, but to the greater 
variability of the eye, which necessarily results from the cessation 
of the eontroiling influence of natural selection,” I have already 
mentioned that Mr. Priestley Smith has ^stated that there is a 
supposed correlation between the growth of the brain and the 
growth of the eye, by reason of which a high degree of cerebral 
deveiopmeiit is apt to he associated with an over-development of 
the eye. If this be so, apparently the brain condition is the 
primary factor, at least in a certain number of cases. But the 
brain condition may be due to variations, in the germ itself and, 
therefore, hlastogenic in nature, and the inheritance of the defect 
might follow without any necessity for au appeal to the heredity 

^ English ed. ('Ponlton). p. 89. 
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of an acquired defect to account for it. Bat it is a question 
wlietlier an explanation such as this can be held to account for 
all the cases of hereditary myopia. In his essay, however, 
•'On the Supposed Botanical Proofs of the Transmission of 
Acquired Characters”^, the antlior seems to admit a modi“ 
fication of his views as first expressed, which are of great im- 
portance in connection with the question of the inheritance of 
the group of defects at present nnder consideration. Dr. Mivart 
ill reviewing these essays t makes the following comment on this 
modification : — Although these last two essays are intended to 
show that acquired characters cannot be inherited, they yet seem 
to us to show that to a certain extent, and in a certain sense, they 
may be inherited. We have no desire to contend that they are 
heritable to any large extent, and we have always affirmed that 
mutilations can at the most he very rarely inherited, and long 
ago referred to obvious proofs that so it must he But Pro- 
fessor Weismann here certainly makes some admissions with 
respect to the cumulative effect of a changed environment on the 
germ-plasm of organisms, which contradict his previous assertions 
that only unicellular creatures can be thus modified. But if such 
a cumulative effect does exist, then, if sufficient time he allowed 
(and Darwinians are prodigal of tinier), a modified Lamarckism 
reappears 1 ” It is possible that in the direction thus indicated 
an explanation may yet be found for some of these conditions. 
But the whole subject, so far as the ej’e-defects are concerned, 
ivaiits working out thoroughly by practical ophthalmologists. 

(5) There are certain points wdiich should be noted, since they 
seem to indicate the gradual rise and development of a malforma- 
tion, I will mention two examples. The first is that of the pre- 
cursory conditions, so to speak, of cleft-palate and hare-lip which 
were mentioned when that subject wms under consideration ; these 
are of great interest. Again, in connection with the same subject, 
it should be mentioned that Lucas § has published observations 
which lead him to conclude that an absence of incisors in a parent 
is premonitory of cleft-palate or hare-Hp in the children, and 
he has given several cases in support of this theory. I am bound 
to say that my colleague Mr. Humphreys and myself, when working 

^ M. p. 413, t Bub. Review, 1889, p.269. 

I Gfeiiesis of Species, 2ud ed. p. 242. 

I Blit. Med. Joura., Bee, 3, 1887, p. 1212. 
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at the subjects of increase and diminution of tlie incisors did 
not meet with any cases which bore out this theory ; but this, of 
course, does not prove that in certain cases it may not be true. If 
so, it strengthens the argument in favour of precursory conditions 
for some cases of palatal and labial defect. The second example 
is quoted by Page f from Boehm ±. A. woman had “ beautiful 
blue eyes, delicate white skin, and, what is especially characteristic 
of a tendency to albinism, colourless eyebrows and eyelashes.” 
Her daughter had white eyebrows, lashes, and skin, and great 
irritability to light, whilst the grand-daughter had internal 
strabismus and nystagmus, and hair originally as white as well- 
bleached linen.” Some other cases of a cumulative nature are 
given ill my previous paper. It seems to me possible that these 
cases are due to an original flaw in the nervous system. Whether 
this flaw is due to a failure of development consequent upon 
conditions inherent in the germ, or upon the slow eflect of some 
condition connected with the environment acting upon several 
generations, as was suggested by Coles when writing about cleft- 
palate, and as Weismami seems to hint may be the case in the 
essay referred to above, must at present and for a long time 
remain an ojien question. But in either case the nervous defect 
would precede the more obvious one, and may in an earlier gene- 
ration exhibit its effects in a manner perhaps never recognized, 
by slight trophic disturbances and the like. Descending further 
and gathering force as it descends, under favourable circumstances, 
the conditions met with, at times, in the parents of children with 
cleft-palate or whatever the defect may be will be reached, and 
in the next generation or in one closely succeeding the full defect 
may appear, the precursory conditions having been quite un- 
noticed. I do not wish it to be understood that I am arguing 
either that all malformations have a nervous origin or that the 
chain of events which I have suggested, or one of a similar nature, 
occurs in all cases ; wdiat I desire to point out is that in some 
cases, and perhaps in more than at present we have any idea of, such 
precursory conditions may be capable, by diligent inquiry, of 
demonstration. In these facts we' also may, I think, find a clue 
to the real significance of the much-abused word ‘tendency.” 

This w'ord, and especially in its relation to the so-called here- 

* loom, of Anat. and Phys. vol. xn. p. 84. 1' ‘ Lancet/ Aug. 8, 1874, 

\ Ber 17yst.agmiis imd dessen Heilnng. 



502 


W. P. KTRBT cm POBPTCTTLTDiB. 


ditary diseases, means tliat there is at present in the subject a 
minor condition o£ the nature of a congenital inalformatioii. It 
is possible tliat under the most fayoiirable conditions of life for 
tbe giyeii defect it may neyer lead to a breakdown or become 
apparent, whilst under other and less favourable circumstances 
the weak point may give way and the defect become obvious. 
Such an explanation as this might be without hesitation accepted 
as accounting for the varieties of eye-defects recently referred to ; 
and I believe that furtlier investigation will show, as far as 
demonstration is possible, tliat the same line of argument may 
be used, not only vciih regard to the remaining diseases of the 
hereditary group described as (3) in Section V,, but also to some 
at least of the congenital and hereditary malformations as well. 


A Eevision of the with Descriptions of New Species 

in tbe British Museum. By W. B. Kibey, F.L.S., F.E.S., 
of the British Museum (Natural History). 

[Bead 10th June, 1890.] 

(Platu XII.) 

The PopficolidiB, or Earwigs, have hitherto attrn.cted le.ss atten- 
tion from Entomologists than any other group of Orthojitera- 
There are but few papers of any importance on the groiip ; tliosc 
by Dobriiin the ‘ Stettiner entomologisehe Zeitiirig’ (vols. 24™2(i, 
1803-«1SG5), which, incdiide a descriptive synopsis, and 8eiid tier’s 
Catalogue of all tlie described species, in voi, 18 of the ^Proceedings 
of the Boston Society of Natural History ' (1877), being the most 
useful. Since then several species have been described by De 
Bormans, Karseh, and others in various foreign, periodicals. 

Having lately rearranged this group in tbe British Museum, I 
judged that it would give a useful impetus to its study to publish 
a revised synopsis of the genera on tbe lines already indicated by 
Dobm and De Bormans, and to describe as many new species as 
were before .rae in sufficiently good condition. Several of these 
were ticketed with MS. names by Prof. Westwood, which I have 
usually adopted. 

One great drawback in the study of the Forficuiid® is deficiency 
of iimteriaL They are usually received in very small numbers 
and rarely in' quitO' perfect condition, the aiiteiiuge, which are 
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extremely important for their classifieation, being almost always 
more or less broken. In many cases the sexes differ consider- 
ably, especially in the shape of the forceps. This nsiialiy raries 
considerably in the sexes, as well as in different individuals of 
the same sex, and yet there seems reason to believe that it will 
ultimately prove to he an important generic character. But for 
this purpose much larger series of specimens of both sexes and 
in different stages of development are required ; and therefore I 
have refrained for the present from creating a multiplicity ol 
ne’w genera, though the mass of species included by Dohrn in 
Forfictda is greatly in need of subdivision. 

I consider the best method of measuring these insects to be 
from the point of the head to the end of the forceps, and also 
from the base of the last dorsal segment to the end of the forceps. 

The number of species at present known is 348, including 39 
described as new in the present paper, but exclusive of one or 
two doubtful larval (?) forms, perhaps not strictly belonging to 
the Forficnlidce {Cojuliilopalama^ Sund., and Typlilolahia^ Scudd., 
the latter of which probably == laf ijx (Thymtti^rd). 

The genus Byragra, Serv., which is imperfectly knowm at 
present, is likewise excluded from the Table. It is a Soiith- 
Ameriean genus, probably allied to LaUdum^ and may be dis- 
tingiiisbed from Bemogorgon by the presence of well-developed 
wings. (A few species, doubtfidly referred to various genera in 
the following pages, may not always fully conform to the cha- 
racters given ill the Table.) 

G-enns I. Aeaohixts, Seri). 

Serv. Ann. Sei, Wat. xxii. p. 35 (1831). 

Apacliya, Serv. Orth. p. 54 (1839) ; Bolirn^ Stett ent. Zeit. 
xxiv. p. 42 (1863). 

Type, Mrfictda deyresm, Beauv., from W. Afin'ca. 

Not represented in the Museum Collection. 

Genus II. TAGMiuirA, BoJirn. 

Bolirn, Stett ent. Zeit. xxiv. p. 44 (1863). 

Type, T, grandiventris., Blanch., from the Solomon Islands. 

There is one iiiiraatur© and imperfect specimen from Dinner 
Island, in the Museum Collection ; probably a new species, but 
it would be useless to describe it. 
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(13) Body pubeseeiit, sliortj Broad I forcejis seDiicirciilar in male ................. EcMnosoma. Africa, B. Indies, Australia. 

Body less pubescent, long ; forceps not semicircular in male, (14) 

(14) Forceps tliiclcened and nearly contiguous at base. (15) 

Forceps less thickened at base and widely apart in male. (Ifi) 



(15) F creeps with large teeth on the thickened basal part. Xiabidurodes, Papiia. 

Purceps regularly cleuticulated or iiruiriiied Psalis. America ; W , Africa (?), 

(10) Abdomen strongly pxmetured ; hinder edges of the segments not milled in 

the tjpical species.. Labidura, Old World. 

Abdomen less strongly piineiiired: hinder edge.s of the segments milled ... Demogorgon. S. America. 
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Genus III. pYaTDiOBAEA, Serv, 

Serih A 7 in. Sci Nat. xxii. p. 30 (1831) ; Orth. p. 19 (1839) ; 

Stett. e?it. Zeit, sxiv. p. 40 (1863). 

Type, P. v.-nifrum, Serv., from Brazil. 

PraiBicBAEA Hoesfieldi, sp. n. (PI. XII. figs. 11, 11«.) 

Long. corp. 21 milliin. ; segin. term, cum forcip. 6 milliiii. 

Male. Blacldsli-brown ; antenna) upwards of 22-joiiited ; cly- 
peiis, except at base, lower moiitli-“parts, and legs riifo-testaceoiis ; 
lateral borders of pronotuin and wings sti'aw-coloured ; tegmina 
and forceps inclining to cliestnnt ; terminal segment of abdomen 
very large, fully as large as tbe four penultimate segments 
togetlier; forceps about as long as tbe terminal segment, simple, 
pointed, and strongly npcmwed at tbe extremity. 

Hcik Java {Sorsfiela). 

Allied to P. palliMpennis^ De Eaan, but mncb smaller and 
darker. 

PXGIMCEAM-A STAPHYIIEOIBES, WaVc. 

Olyiitba stapbylinoides, Walh. List Nem\ Ins. B. M. iii. 
p. 532, n. 3 (1853). 

Described by Walker from a beadless and tailless fragment ; 
but a second specimen, likenvise in poor condition and immature, 
shows it to be a Pi/^idlcrana, which inny be briefly described as 
follows : — 

Mmale. Long. corp. 14 millim. ; segm. ult, cum forcip. 
54' millim. 

Head above dull black ; mouth-parts and under surface brown ; 
aiitenn® brown ; scape nearly black above, jialer below ; pronotuin 
testaceous, with a wide brown band on each side ; tegmina browm, 
seiitellum and suture probably pale; legs testaceous; femora 
marbled with brown above; abdomen black, very hairy, with, 
a pale longitudiiial band covering tbe middle five .segments on 
the upper side ; forceps red, contiguous, unarmed. 

MaL Santarem. 

This insect cannot be the immature . form of any known 
American species, for in all these the scape of the antemueis paler 
than the flagellum. 1 should not have described it from so poor 
a specimen, had it not been already on our lists under the name 
of Ol^ntha ^taphjUmides^ as the supposed larva of a Neuropterous 
insect. ■ 
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G-emis IV. Thermasteis, DoJirn. 

Dohrn, Sieit. ent, Zeit, xxiv. p. 61 (1863) ; 8mdd. 

Bull. IT. S, Geol. Surv, ii. p. 249 (1876). 

Type, Mrfieula ’brasiliensk^ Gray. 

I do not understood why Dolirn places this genus among those 
with the sciitelliim concealed. In the three species before me 
{T, hrcmliemis^ Gray, T. Baussiireiy Dolirn, and T. cliontalia^ 
Scudd.) the exposed scntellnm is as large as in BygicUcrana. It 
is true that the scutellum is concealed in Serville’s figure of his 
Fy^^agm fuscata ; but I cannot follow De Bormans in placing 
Thermastris as a synonym of Fyragra. 

Genus V. Cylindrogasteb, BtM. 

St% (Efo. Vet.-AIcacl Fork. xii. p. 350 (1855). 

Type, 0. gracilis^ Stal, from Eio Janeiro. 

In this curious little genus I have two species to describe, one 
Eastern and one Western. 

CYLINDItOaASTER niUEICEPS, Sp. U. 

Long. eorp. 11 millim. ; segm. ult. cum forcip. 3 inillim. 

Head deep black, a groove within each eye, running to tlie 
occiput ; clypeus black, shining; labruni transverse, pale yellow, 
as are also the palpi ; neck yellow ; antennoe 19-jointed, cliocolate- 
brown, scape black ; pronotiim half as long again as broad, black, 
with tbe hind border broadly pale yellow, tins colour curving up 
the sides nearly to the broadest part of the pronr>tum ; sciitdliiin 
reddish brown, with a yellow dot at the extreniit}* ; tegmiaa 
reddish brown, the costa ratlier broadly black; visible part of 
tbe wings yellow, with a large dusky spot before the extremity ; 
abdomen reddish bro-wn, terminal segment black and sliming, 
forceps reddish towards the extremity ; legs yellow ; femora :nid 
tibim broadly black in the middle. 

Siib^ Hong Kong. 

CxLmnitoaASTEE Jaksoni, sp. n. 

Long. corp. 10 millim. ; segm. ult. cum forcip. 3 millim. 

Male, Head sinning black, a strong lateral ridge behind tlie 
eyes, and extending at nearly right angles across the occiput; 
palpi tawny ; antennae with the scape black, ' and the flagellum 
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tawnjj gradually darkening, and clothed with very short hairs ; 
joint 2 transverse, joints 3 and 5 about twice as long as broad, 
joint 4 shorter and joint 6 longer ; joints 3-6 are pear-shaped, 
though 4 is rather truncated at the base ; joints 7-12 are longer, 
more slender, and linear, but slightly rounded at each end ; the 
rest are wanting ; proiiotum and base of tegmina luteoiis, the sides 
and back of the pronotiim paler, ronnded, and raised ; legs liiteous, 
knees broadly black ; tegmina black, except at base, with a few 
long white bristles near the edges ; wings whitish, tipped with 
black, on the black portion stand several long wdiite bristles ; 
abdomen reddish, the segments well separated ; forceps very stout, 
contiguous, triquetral, regularly denticulated and hairy on the 
inner edge, slightly raised towards the tips ; the extreme points 
are turned inwards almost at a right angle. 

Hah Chontales, Nicaragua. 

G-enus VI. DipI/ATYS, Ser'V. 

Ser'D. Ann* Sci, Wat xxii. p* 50 (1831); Orth. p. 50 (1839). 

Type. Mrfiaula maeroee^phala^ Beanv., from Benin. 

Unrepresented in the British Museum collection. 

Genus VII. Nanistopyg-ia, BoJirn. 

JDohm^ Stett. ent. Zeit xxiv. p. 60 (1863). 

Type, W. Gerstaeelcen^ Dohrn, from Ceylon. 

Naxistoptoia Dohbwi, sp. n. 

long. eorp. 10 millim, ; segm. iilt. cum forcip, 2-] millim. 

Female. Blackish or dark brown, very shining ; tegmina pur- 
plish, seutelliim distinct, abdomen reddish, wings not visible; 
tiiiteiin£e at least iJj-jointed, brown, joints 1-3 jcllowisli, and 13 
and extremity of 12 whitish ; legs testaceous, femora ringed with 
black; abdomen punctured, segments 2 and 3 with small lateral 
tubercles, teriniiial segment large, quadrate ; forceps broad, eiil- 
triforni, siibcontiguous, denticulated on the inner edge, and 
rather abruptly hooked at the tip. 

Hal. Ceylon, 

Genus VIII. Echikosoma, Serv. 

8erv^ Orth. p. 34 (1839); Wohrn^ Stett ent. Zeit, 
xxiv. p. 63 (1863). 

Type, Fwfimla afra, Beauv., from S. Africa. 

Includes several other African and Oriental species. 
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Eohinosoma Eobbest, sp. n. (Plate XII. fig. 9.) 

Long. corp. ll-M millim. 

Black, setose, moderately broad. Head witli a crescent-sliaped 
depressed line on the vertex behind the eyes ; labrum and 
palpi pale yellow. Antennae with upwards of 25 joiots (appa- 
rently not quite complete), first two joints pale yellow, the rest 
chocolate-brown ; scape dilated, l-J- times longer than broad, 8rd 
joint slender, at least twice as long as broad, joints 2, 4, 5, 6, 7 
about as long as broad, the rest rather longer ; pronotum rather 
variable, median line generally pale, a pale spot on the lateral 
margins, between which and the median line is often a smaller 
and yellower one, towards the extremity; tegmina with 2 tawny 
or yellowdsh dashes near the base, on each side, one near the 
suture and another on the side ; exposed part of tlie wings pale 
yellow, but the greater part filled up, except at the base and at 
the extreme margins, by a large black blotch, longest near the 
suture ; abdomen with the segments narrowly edged behind with 
a red line, from which 6 short, straight, red dashes project; 
forceps dull red; legs pale yellow, the femora, except at the tips, 
and a wide band at the base of the tibim, black. 

Sal. Dinner Island {S. 0. Forhes). 

Described from four females and one male. The male is 
greyer, more strongly punctured, and rather more obscurely 
marked, and the forceps are curved instead of straight ; other- 
wise there is but little difference in the sexes. 

Allied to F. yorheme^ Dohrn, and to E. ^umatramm., De 
Haan. 


Genus IX. Pybauex, Serv^ 

Serv. Ami. SeL Sat. xxiL p. 31 ( 1831 ) ; Orth. p. 32 (1839). 

Type, F.fuscata, Serv., from Cayenne. 

This genus has some resemblance to Themastris, with which 
De Bormans unites it ; but seems to differ by its more slender 
form and concealed scutelium. It is perhaps more nearly related 
to Lahidura. It is unknown to me except from Serville's 
description and figure of the type. 
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Genus X. LaeidurAj Leach. 

Leach, Mini), Bnctjcl. ix. p. IIS (1815) ; Bohrn, StetL ent. 
Zeit. xxiv. p. 809 (1863) ; Scudcl. Bull. U. 8. Gcol. 8urv. ii. 
p. 250 (1876). 

TjpOj Borfbctda riparia, Pali, {gigantea, Fabr.). 

Porficesila, Berv, Ann. 8ci. Nat. xxii. p. 32 (1831) ; Orth. 
p. 21 (1839). 

Laeidctka bipaeia. Ball. 

PorfiCLila riparia, Ball. Bdse, ii. Anhang^ p, 30 (1773). 

Hal. Cosmopolitan. 

I believe tliat tlie description of the iinrecoguized Borjlcwla 
hereiileana, Fabr., from St. Helena, Mms probably taken from a 
(lark or discoloured specimen of this insect, wliicb is said to 
attain to a very largo size in the island mentioned. 

LA.BiDirEA(?) PXTGXAX, sp. B. (Plate XII. fig. 1.) 

(d. Loiig, corp. 42 millim. ; segm. nit. eiim forcip. 20 millim. 

$ . Long. corp. 25 millim. ; segm.nlt. cum forcip. 9 millim. 

Male. Black, clotlied with a fine greyish silky pubescence; 
antennm, dypeiis, palpi, head and thorax beneath, sides and 
hind borders of prouotiim, sutural and marginal edges of tcginina 
(vury narrondy), and those of the exposed part of the wings 
(narrowly) reddish ; legs iiniforinly testaceous. Abdomen finely 
granulated, segments 2~5 with very strong lateral spines, basal 
segment Avith smaller ones, hinder edges of segments 3-5 milled 
above oiil}^, terminal segment smootb, imicli depressed in the 
uiiddie; forceps very large, smooth, very slightly denlatcd on the 
inner sides, a triaiigulur elevation at the base of the upper cariua, 
a strong tootli on the inside at about one fourth of tlie length 
of the forceps, which are Avide apart at the base, aiid run 
slightly curving oiitw^-ards for two-thirds of their length, when 
they suddenly curve inwards and almost meet in an obtuse projec- 
tion, thence they run nearly straight, but slightly converging to 
the hooked tips, wFich cross. 

Beniale similar, but the abdomen is neither spiny nor milled, 
and the forceps simply curve outwards aud then iinvards, in a 
Aveaker hook than in the male ; they are more strongly and 
thickly denticulated on the inner edge than in the male, and at 
about three-fourths of their length there is a small tooth pointing 
obliquely downwards. 

Mai. N'orth India. 
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There are several Indian species of spiny Earwigs which sliouldj 
no doubt, form a distinct genus; but the only specimens before 
me are the somewhat defective pair from which the above de- 
scription has been drawn up. The remaining joints of the 
antennaj. are longer than in typical Lahidwm, 

LaBIDITEA (?) BECIPIEXS, sp. n. 

Long. corp. 11 millim. ; segm. iilt, cum forcip. 5-| millim. 

Male. Enfo-tcstaceoiis ; antennse at least 22-joint eel, the end of 
the scape and all the joints beyond the third brown; joint 2 
transverse, 3 fully twice as long as broad, linear, 4 oval, only 
half as long again as broad, 5 and 0 successively longer, 
3 and 5 being about equally long, the remainder linear, very 
long; head with the vertex red and the mouth-parts pale; 
pronotum nearly twice as long as broad, dull ptile testaceous on 
the sides and behind, the hinder part dusky in the middle, 
fonniiig the commencement of a blackish band on tde suture of 
the tegmina and wings, which are straw-coloured, bordered 
outside with blackish ; tegmina only about twice as long as the 
pronotung and wings about half as long ; legs testaceous, femora 
shading into pale red; abdomen dull red, strongly piinctared, 
2rid segment with conspicuous lateral tubercles ; terminal seg- 
ment with 4 rather conspicuous teeth at the extremity in the 
middle, and smaller ones on the sides ; pygidium broad, but not 
conspicuous ; forceps rather wide apart at the base, gradually 
incurved and meeting at the tips, a strong black-tipped tooth 
about the middle, and another at three-fourths of the length of 
the forceps ; before the first is a row of small teeth, one near the 
base, three near the middle tooth, and several between, coalescing 
into a ridge. 

Mai. Assam. 

This curious species will form a new genus when it is better 
known. Although best placed with Lahiiura for the present, 
it has a striking resemblance to Splimgolahk afrimna, Dolirii, 
8, suturalis^ Serv., &c. Lateral tubercles do not occur in typical 
Lahiiura. 

Labidhea geanulosa, sp. n. 

Long, corp, B2 millim. ; segm. ult. cum. forcip. 14 millim. 

Male. Lark reddish brown, granulated, the head very finely, the 
pronotum, tegmina, wings, and abdomen more coarsely ; head, 
wings, and abdomen inclining to reddish ; antennae (of W’-hich 20 
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joints remain) brown above, inclining to testaceous at the base 
and beneath ; legs testaceous ; pronotum black, the lateral 
margins testaceous; tegmina nearly black, the suture with a 
rusty-red band ; wings and abdomen darker reddish brown, the 
two penultimate segments of the latter nearly black ; terminal 
segment very large, gradually but distinctly widening from the 
base to the extremity, depressed in the middle, with no terminal 
spines, but with a small prominence on each side at the base of 
the forceps ; pygidium rather more prominent than in L. rifaria, 
and cut off square at the extremity ; forceps rather stout, 
especially at the base, shaped nearly as in L. ri^aria; a small 
tooth on the lower earina at one-third of the length of the forceps, 
and a larger one on the inner curve at two-thirds. 

Sai, Philippines. 

Allied to L. riparia, but a very large daidc species, with the 
terminal segment of the abdomen differently constructed. 

Labiditea plutialis, sp. n. 

long. corp. 27 millim. ; segm. ult. cum forcip, 11 millirn. 

Male* Elack, the antennae, mouth -parts, under surface of the 
head, pectus, sides of the abdomen, and legs testaceous or tawny ; 
sides of pronotum and of tegmina, suture of the latter and 
terminal segment of abdomen, including forceps, reddish ; a black 
dash on the sides of the pronotum below the pale lateral ridge ; 
abdomen thickly and finely punctured, more coarsely below than 
above, terminal segment with a slight hump on each side above 
the base of the forceps, and a depression on the median lino 
followed by one projecting tooth in the middle ; forceps rather 
stout, smooth, "witli a small tooth projecting obliquely downwards 
at three-fourths of their length, and the tips, which shade into 
blackish, are upeurved, 

Hah* Eaine Island. 

Allied to i. riparia^ Pall., but the tegmina arc more rounded 
at the tips, the wings are absent or concealed, and the abdomen 
ends in one middle spine instead of two. 

Labibijea (?) Olaeki, gp. n. 

Long. corp. 20 millim. ; segm. ult. cum forcip. 7 millim. 

Mmale* Head smooth, red ; mouth-parts, antennas, and legs 
pale yellow ; antennae 20-jointed, sparingly clothed with short 
erect hairs* the space widened, joint 2 transverse, joint B' twice as 
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long as broad, joints 4-6 hardly longer than broad, but those 
beyond the 4th gradually lengthening and growing rather more 
slender; the joints towards the tip about 4 times as long as 
broad, and the last joint half as long again as any of the pre- 
ceding. Pronotuin blackish, the raised margins and a central line 
ferruginous. Teginina coriaceous, the suture ferruginous, and the 
outer edge yellowish ; exposed portion of wings one-third as long 
as the teginina, coarsely reticulated, dark brown, slightly bordered 
with yellowish; scutellum slightly exposed. Abdomen reddish 
brown, paler beneatli and on the sides ; last joint rather short, 
with a slight protuberance on each side above the base of the 
forceps, which are long, blackish, slightly varied with reddish, 
nearly straight, unarmed, and slightly upturned and incurved at 
the extremity. 

Sal, Eio Janeiro (collected by the late Eev. Hamlet Clark). 

Labiditea mobosa, sp. n. 

Long. corp. 21 millim. ; segm. ult. cum forcip. 7 millim. 

Female, Black ; antennae, mouth-parts, lateral borders of pro- 
notiim, and wings castaneous ; legs paler ; forceps dark red, 
broad and approximating at the base and meeting at the tips, a 
very strong carina on the upper surface, the inner and lower 
edge denticulated (most strongly towards the base) as far as a 
very strong tooth ac about five-sixths of their length. 

Sal. ? 

Hot closely allied to any known species. I usually refrain 
from describing species of unknown locality, but in this insect 
the form of the Ibrceps is so unusual as to allow of its being 
recognized at once. 

Grenus XI. Demog-obguk, g. 11 . 

Male. Mead convex, as broad or rather broader than the pro- 
thorax behind; autennie with about 30 joints, scape widened, 
joints 2, 4, 5 rounded, the rest oblong and gradually increasing in 
length to about the middle, beyond which they are slender and 
of about equal length. 

Pronotum half as long again as broad, slightly depressed 
across the middle, with raised margins, the hinder part some- 
what raised and widened. 

Elytra truncated behind; wings absent or concealed. 

LIKK. JOUBK. — ZOOLOGY, TOB. XXIII. 36 
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Abdomen long, slightly widened beyond the middle, the dorsal 
segments gradually diminishing in length to the 7th ; 5th and 6th 
as if milled on the hind border; terminal segment very large, 
nearly square, slightly humped above the inner base of the 
forceps but without teeth; on the ventral surface it slopes 
backward, so that the penultimate ventral segment, which is 
subtriaiigular aud reaches nearly to the extremity of its ventral 
portion, not only leaves the sides widely uncovered, but also 
that part of the lower surface, really heloiiging to the dorsal 
portion, which slopes backwards between the base of the forceps. 

Forceps rather long and stout, widely separated at the base, 
with several blunt teeth beyond the middle, and curved up- 
wards. 

Legs moderately long aud slender, clothed with short hairs ; 
first Joint of the tarsi densely hairy beneath; front femora 
rather shorter aud stouter than the others. 

Female with the forceps long, contiguous, unarmed, slightly 
upciirved, and crossed at the extremity. 

Allied to LaUdura; type D. JBatesl^ sp. n., but will also 
include L, livida^ Diibr., and some other American species. 

Demoqougok Batesi, sp. n. (Plate SIL figs. 3, 3 a.) 

Long. eorp. 36 mi Him. ; segm. ult. cum forcip. 15 millim. 

Ilcile, Yellowish, the front of the body inclining to grey, the 
abdomen to tawny ; mandibles blackish ; tegmina with the 
suture shading into tawny. Abdomen with the segments finely 
punctured towards the extremity, segments 5 and 6 very strongly 
milled ; last segment smooth above, with a de])ressed line on the 
middle ; segments 2-7 above and beneath blackish in the middle 
towards the extremities, and segments 3-6 are also blackish on 
the upper part of the sides ; forceps shading into blackish towards 
the extremity. 

Sah, Santarem. 

Closely allied to D, Imda^ Dubr., though nearly twice the 
size; but the eyes are unicolorous, whereas in D. livuh they 
are deep black. 

Bemouoegok bicolob, sp. n. 

Long. eorp. 29 millim. ; segm. alt. cum forcip. 10 millim. 

Male. Luteous, inclining to reddish; head beneath, pectus, 
and ,base and sides of the abdomen paler. Eyes black. Pro- 
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iiotum with a Mach stripe on each ride within the raised margiiiSy 
tapering and ceasing before the hind margin. Hinder raised 
part of the pronotnm, and tegmina coriaceous. Tegmina black j 
the suture with a reddish band, tapering, but .extending quite to 
tlie extremity. Hinder half of the abdomen (the terminal seg- 
ment excepted) reddish above and below in the middlej shading 
into blackish towards the ends of the segments, punctured, and 
ill segments 3 and 6 above, and in 1 and 5 below, longitudinally 
ridged or iiiillecl; terminal segment and forceps luteous, the 
former with a depression on the median line above, and with 
slightly reddish tubercles above the base of the forceps. Hinder 
half of the forceps shading into dark red® 

Hob. South America (precise locality unrecorded). 

BEMOGOEaOK ABELPHUS, Sp. n. 

Long. corp. 25 millim.; segm. iilt, cum forcip. 10 milliiin 

Male, Luteous tawny ; antennse (which are about SO-jointed), 
eyes, and under surface paler. Pronotiun finely coriaceous; 
tegmina more closely so, and covered with small tubercles close 
together. Pronotum black above, the neighbourhood of the 
median line irregularly reddish, the lateral margins edged with a 
narrow pale line. Tegmina black, the lateral margins edged with 
a very narrow pale line ; a tapering reddish band on the suture, 
hardly reaching the extremity. Abdomen with most of the 
segments (except the terminal one) blackish in the middle 
above and below; segments 4 and 5 below, and 5 and 6 above 
milled, segment 7 vexy narrow above, almost obsolete j terminal 
segment and forceps as in D. hicolor. 

Rab, Brazil (Catagalio). 

Demoooeuon PATAaoxficirs, sp. n. (Plate All. fig. 2.) 

Long. corp. 23 miHim. ; segm. ult. cum forcip. S miilim. 

Female. Tawny ; head reddish above, eyes black j antennae^ 23- 
jointed; pronotum reddish, with a wide black hand on each side, 
very narrowly edged with pale outside, and curving inwards 
at the extremity ; tegmina similarly coloured, the red band on 
the suture regularly xiarrowing behind ; abdomen with most 
of the segments blackish in the middle above and reddish below, 
finely punctured above, and more coarsely beneath, but not 
milled; forceps reddish, paler at the base above, and blackish 

36 ^ 
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towards the tips, which are incurved, crossed, and slightly raised. 
At the base they are subcontiguous ; the inner edge is denti- 
culated. 

Mah. Patagonia. 

Possibly the female of one of the foregoing species. 

Grenus XII. Psalis, Ser'v, 

Serv. Ann, Sci. N'at. xxii. p. 84(1831); JBiirm. Sanclh, Mnt, ii. 
p. 75f3 (1839) ; Sendd, Proc. Bosf, Boc, Nat. Hist, xviii. p. 297 
(1876); Bull V. S, Geol Surv. Territ, ii. p. 250 (1870). 

Type, Mrficula americana, Beauv., from Tropical America. 

Psalis (?) mcika, sp. n. 

Long, corp., d 12| miilim., 5 10 millim. ; d $ , segm. ult. 
cum forcip. 3 millim. 

Pitchy ; head, tegmina, and forceps inclining to reddish ; abdo- 
men (and pronotum in the male) darker ; antennse 19-jomted, 
brown, paler beneath ; joints 1, 2, 17, and 18 in d > 1, 2, 16, and 
17 in $ whitish ; pronotum nearly twice as long as broad in the 
male, shorter in the female, the lateral margins testaceous : wings 
narrowly bordered with testaceous on each side at the base and 
along the suture ; legs testaceous ; abdomen punctured ; forceps 
contiguous, gradually curved, and crossing at the extremities, 
denticulated on the inner edge. 

Hah, Grambia. 

Much resembles Lahidura onifescens.^ Beauv. ; but this species 
is described as Iiaving at least 30 joints to the uniformly pale 
antennse. 

Genus XIII. Labidtjeodes, JDubr. 

JDuir. Ann.Mus, Genov, xiv. p. 385 (1879). 

Type, B. rohustm, Bubr., from Papua. 

Not represented in the Museum Collection. 

Genus XIV. Akisolabis, Fieh, 

Fieh lotos, iii. p. 257 (1853) ; Scudd. Bull U. S, Surv. Territ 
ii, p, 251 (1876). 

Poicineila, BoJirn, Siett. ent. Aeit, xxiii: p. 226 (1862), xxv. 
p. 285 (1864^ 

Braeiiylabis, p., Dohrn, 1. e. xxr. p. 292 (1864). 
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Type, Mrjlciila mantima^ Gone, from Europe. 

Lahiiura advena^ Mein., from Jamaica, proves to belong to tliis 
genus. 

Amsolabis rxtpesceks, sp. n. (Plate XII. fig. 10.) 

Long, corp.29 millim. ; segm. ult. cum forcip. 9 millim. 

Male* Head red, black above in front, and tbe red part behind 
marked with several black lines to the occiput ; a red spot on 
each side of the vertex, within each eye ; cljpens brown, bordered 
with yellowish; mandibles and extremity of the labrum red; 
antennse 21“jointed ; scape reddish ; flagellum yellowish brown, 
thickly clothed with short diverging hairs ; pronotum red; basal 
segments of abdomen red above, and bordered with blackish 
behind ; beneath, the rest of the abdomen and the forceps black, 
thickly and finely punctured, more coarsely piiiietate-striate on 
the sides ; forceps thick, broadened beyond the base, but without 
a basal tooth; the inside of the curve denticulated, the right side 
rather more curved and shorter than the left ; legs reddish, rather 
paler than the thorax ; pygidiiini exposed, bifid at the extremity. 

Hal, Camerooos. 

Apparently allied to A, maimtaniea, Luc., but much larger 
and differently coloured. 

AnISOLABIS XENIA, Sp. U. 

Long. corp. 22~25 millim- 

Dark chestnut-brown, more or less inclining to red ; antennae 
and legs testaceous ; femora distinctly brownish before the tips ; 
forceps very stout, crossed, the right one in the cJ, as usual, 
shorter and more curved ; d with two, $ with three, large tri- 
angular teeth on the inside between the base and the middle. 

Hah. Norfolk Island. 

Allied to A. Utiorea, White, from New Zealand. 

Akisolabis ai?tekkata, sp. n. 

Long. corp. 9 millim. ; segm. ult. cum forcip. 2 millim. 

Mmale, Eeddish brown above ; the forceps, which are rather 
long and crossed at the tips, redder ; under surface pale, but 
darkening beyond the middle of the abdomen, towards the red 
forceps ; antennse brown, the joints spotted with pale at the base 
and tip, and joitits 1*, 2, and 12 entirely pale (the rest broken off), 
hind femora pale brown in the middle. 

Hal. Bermuda. 
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PossiMy a variety of A, azteca, Dohm ; ’but in tliat species tlie 
femora are more distinctly ringed with fuscous, and the lltli joint 
of the antennm is pale. However, He Bormans mentions a. speci- 
men from Palm al, which he considers to he a variety of X azteca^ 
in which joints 1, 2, 10, and 11 are whitish. 

G-emis XV. Beachvlabis, Dolirn. 

BoJirn^ Stett, ent, Zeit, xxv. p. 292 (1864); Be Bonn, Aim, 

SoG, Bnt Belg, xxvii. p. 64 (1863). 

Type, Borficthla cMlensis, Blanch., from Chili. 

Hot represented in the Museum Collection. 

G-emis XVI, Plattlabia, Bohm . 

Platylahia, BoJim, Sfeff, ent, Zeit xxviii. p. 347 (1867). 

Labidophora, Soudd. Proe, Bost, Soc, Nat, Hist, xviii, p, 297 
(1876). 

Type, P. Dohrn, from Celebes. 

PlaTIBABIA KIGBICIPS, sp. B. 

Long, corp. 10 millim. ; iilt. segm. cum forcip. 3 millim. 

Male, Lnteoiis ; head, except the mouth-parts and under sur- 
face, tegmina, except at the base, and wings shining black; 
abdomen darkening into reddish, the hinder edge and forceps 
blaekish, the latter reddish towards the tips ; the whole body 
set •with long pale divergent hairs, most distinct on the aiitennm 
and forceps ; tegmina and wings coriaceous ; abdomen finely and 
thickly punctured ; pygidiiim nearly square, with slightly pro- 
jecting hinder angles, and a projection in the niiddie ; forceps 
long, nearly straight, but converging at the tips ; on the inner 
side there is a strong tooth about the middle. 

Hak Horey. 

Eesembles P. tlioracica^ Dohrn, in shape, sisse, and general 
appearance. 

Genus XVII. Chjstospakia, Marsck 
Karseh^ Berl. ent, Zeitsclir, xxx. p. 87 (1880). 

, Type, G, inormta^ Karsch, from Madagascar. 

Not in the Museum Collection. 
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Grenus XVIII. Sparatta, Serv. 

Serv* Ortlio^thres^ p. 51 (1839). 

Type^ 8. pelmnetra^ Sery., from Brazil. 

Sparatta Hoespieibi, sp. n. 

Long. corp. 12 millim. ; segm. nit. cum forcip. 4 millim. 

Female* Dull red or tawny ; Lead liglit red, smooth, with the 
occipital suture well-marked ; antennsB at least 14-jomted, hlaek, 
2nd joint transverse, the rest oval or pear-shaped, set with short 
diverging hairs, scape light red, joints 11 and 12 pale; head 
somewhat concave behind ; prothorax forming a distinct neck, the 
anterior angles being strongly marked ; pronotum browm in front 
and tawny yellow behind ; tegmina varying from brown to tawny 
according to the light ; wings darker, with the edges narrowly pale ; 
legs (as well as the head and pectns) luteous tawny ; abdomen 
dull reddish, blackish on the sides at the base ; extremity also 
blackish ; forceps light red, gradually incurved and meeting at 
the points, the inner edge regularly denticulated ; pygidiuin 
yellowdsh, very wide and short, and concave at the extremity. 

Sab* Java. 

Not closely allied to any described species. 

Genus XIX. Mecomeea, Serv, 

Serv. Orth* p. 53 (1830). 

Type, M. bnmnea^ Serv., from S. America. 

Not represented in the Museum Collection. 

Genus XX. Labia, Leach 

Leach, JEdinh Fneycl ix. p. 118 (1815) ; Bolirn, StetL enf* Zeit 
XXV. p. 423 (1864); ScmJcl BtilL US Geol Surv, TerritAl 
p. 257 (1876). 

Ofype, Forjleiila minor, Linn., from Europe. 

Labia bitpbestoibes, sp. n. (Plate XII. fig. 8.) 

Long. corp. 13-lG millim. ; segm. ult. euin forcip. 5-6 millim. 

Head and abdomen, except the terminal segment, black; 
antennae IG-jointed, brown, clothed with short hairs ; pronotum 
and tegmina metallic green, the former less intense and slightly 
tinged with coppery at the edges ; wings white, the exposed part 
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metallic green, except a conspicuous spot at the base and a narrow 
edging; legs testaceous ; femora black, spotted with testaceous, 
or with the whole of the grooved under surface testaceous ; tibiie 
with two black spots above ; termiual segment of abdomen and 
forceps luteous, the latter blackish and crossed at the tips. If cr- 
eeps wdde apart in the male, with a small tooth on the inner edge 
at the base, thence regularly denticulated to four-fifths of their 
length where there is a much larger triangular tooth. Eorceps 
in the female more strongly but irregularly denticulated, and 
wdthout the two larger teeth present in the male. The pygidium 
is not distinctly visible in any of the three specimens before me. 

Hal). Ega. 

Probably allied to E. chalyhea^ Eobrn, 

This species, wTiichis one of the largest of the genus, clearly 
mimics some metallic beetle belonging either to the Bupredidw 
or to the StaplipUnidcB. 

Labia (?) olabeicula, sp. n. 

Long. corp. 5 millim. ; segm. ult. cum forcip. 1| millim. 

Head, pronotum, tegmina, and wings shiningblack, finely 
punctured ; mouth-parts and 10-jointed antennae dull tawny ; 
abdomen dark chestnut-brown, becoming reddish towards the 
extremity and on the forceps; pronotum rounded heliind, sub- 
quadrate, the lateral margins testaceous ; tegmina twTee as long 
as broad ; wings ratber pointed ; abdomen rather broad, reddish 
browm, rather coarsely punctured, last segment and forceps red ; 
the latter rather wdde apart at base, but curving sharply in\vards 
and crossing at the tips ; they are smooth, with scattered ])ale 
yellow hairs, and one tooth near the base. 

Hah Santarem. 

Possibly allied to X, arcuata^ Scudd. 

Labia tmooloe, sp, n. 

Long. corp. millim. ; segm. ult. cum forcip. 2 millim. 

Male. Plead shining black ; mouth-parts, lO-jointed antenine, 
and legs rufo4estaceous ; pronotum, tegmina, and wings purplish 
brown ; abdomen reddish ; forceps rather long, subparallel, hut 
touching at the tips, denticulated on the inner edge ; pygidium 
long and narrow, one third as long as the forceps, and bifid at 
the extremity, ^ 

Hob. Santarem. 
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Genus XXL Si»o]srGO£»HORA, Serv, 

SpoQglpliora, Serv* Aim. Sci. Nat. xxii. p. 31 (1S31). 

Spongopbora, Agass. Nom. Zool. p. 349 (1846) ; Bcudd. Bull. 
UM. G-eol. Burv. Territ. ii. p. 251 (1876). 

Psalidopliora, Bar'd. Orth. p. 29 (1839) ; JDohrn, Btett. enf. 
Zeit. XXV. p. 417 (1864). 

Type, B. crooeipeimis, Serv., from Brazil. 

Spongoehora DrsoKi, sp. n. (Plate XII. fig. 6.) 

LoDg. corp. 20 inillim.; segm. ulfc. cum forcip. 9 millim. 

Bemale. Head blackish above; the mouth-parts and occiput 
reddish; aiiteunje at least 17-jointed, tawny; pronotum dark 
brown, the lateral eaimiae paler ; tegmina chestnut-brown, emar- 
giiiate at tips ; exposed part of wings luteous, bordered with 
eheatnut; terminal segment of abdomen tawny, with some 
obsolete, brown, longitudinal stripes above, strongly punctured 
towards the extremity; pygidium emarginate, and therefore 
distinctly bifid ; forceps long, gradually curved, thickened 
towards tlie base and very slightly denticulated, meeting at the 
tips ; legs straw-coloured, femora striped both above and below 
wdth brown ; body beneath testaceous, sides of abdomen darker. 

Rah. Venezuela, 

A comparatively short and stout species ; it most resembles an 
insect from Tberesopolis, which may be the female of S. Vieri- 
minieri, Serv,, or B. flavipennis, Burm., which are probably dis- 
tinct from B. croceipemiis^ Serv. This, too, has the terminal 
segment and forceps pale. 

Genus XXII. Chelisoches, Bcudd. 

Bcudd. Broc. Bost. Boe, Nat. Rist. xviii. p. 295 (1876). 

II Lobophora, Serv. Orili. p. 32 (1839). 

Type, Borfieula morio^ Pabr., from the Eastern Archipelago. 

Oheeisoches TEivEBBATOK, sp. n. (Plate XII. fig. 5.) 

Long. corp. 25 millim. ; segm. ult. cum forcip. 10 millim. 

Bemale. Chestnnt-brown, forceps and abdomen beneath red- 
dish ; auteiinse 18-jointed, the second transverse, all the rest much 
longer than broad, but the 4th distinctly shorter than the 3rd 
and 5th ; joint 12 (except at base), and joints 13 and 14 entirely 
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straw-colour; front of pronotum with three depressed lines in 
the middle, beyond which is a long hump on each side ; wings well 
deyeloped. Abdomen finely punctured, segment 7 milled at the 
extremity, aboxe, last segment comparatixely short ; pygidiuin 
strong, truncated ; forceps smooth, very slightly curved outwards 
ill the middle, a strong tooth on the inside at the base, and one or 
two very small ones in the middle, tips incurved. 

Sal). India. 

Allied to Q. morio^ Fabr. 

CiiELTSOCHES (?) EiCTicoBKis, sp. 11 . (Plate XII. fig. 4.) 

Long, coi’p. 22 niillim. ; segm. ult. cum forcip. 9 millim. 

Male. Inky black, the lower mouth-parts and under surface of 
the tarsi inclining to rufo-testaceous ; antennae with the first six 
joints red, joints 7~9 black, 10 white, tbe rest wanting ; pronotum 
quadrate, a little longer than broad ; tegiiiina about twice as long, 
and wings extending beyond them for a distance about one third 
of the length of the tegmina ; the greater part of the body finely 
coriaceous ; base of the segments of the abdomen with large, 
distant, shallow pits, 2nd and 3rd segments tubereulate on the 
sides ; pygidium rather broad, snbtruncated ; forceps as long as 
the abdomen, distant at base, smooth, curbing gradually outivards 
and inwards, tow^ards the base depi’essed and keeled, and with a 
moderately strong triangular tooth about the middle. 

Sal), Philippines. 

This insect is probably the male of J^orfmda lohoplioroide,% 
Bohrii. 


&enus XXIIT. Auchekomus, KamK 
Aiiclienomns, Kanch^ Bert ent. ZeiUch\ xxx. p. 89 (1889), 

Type, A. hncjiforceps^ Karsch, from Madagascar. 

Xot represented in the Museum Collection. 


Genus XXIY. NeoI/OBOphoba, SctM, 

SmcU. Fwe, Best. Soe. Nat, Sist, xvii. p. 281 (1875) ; Bnll 
US GeoL 8urv. Territ ii. p. 253 (1876). 

Type, N. voUelh, Scudd., from Mexico. 



ME. W. E. EIEBY OIS EOE7ICE1I33J3. 


523 


Genus XXV. AE-cisTEoaASTEE, StM. 
mi, (Efv, Yet-AlmclForh xii. p. 349 (1855) ; Smdcl Bull U.S, 
Geol Siirv, ii. p. 253 (1876 ) ; Broc, Bost. Soc, JSfaf. Hist. 
xviii, p. 288 ( 1876 ), 

Type, A. luetmsus, Sfcal, from Brazil. 

There is a single specimen of a new species from Australia in 
tlie Museum Collection, witli lateral hooks on the abdominal seg- 
iiients, as in Ancistrogaster, but differing much in the shape of 
the body and forceps. I forbear to describe it, as it must belong 
to a new genus, and I prefer to wait till more specimens are 
obtained. 


Genus XXVI. Opisthocosmia, BoJim. 

Bohrn, Stett. ent. Zeit. xxYi. p. 76 (1865). 

Type, 0. centurio, Dohrn, from the Indo-Malayaii Islands. 

Opisthocosmia humeealis, sp. n. 

Long. corp. 11 millim. ; segm. ult. cum forcip. 4 miliiin. 

Female. Pitchy brown 5 head dull red ; antenna at least 11- 
jointed, all the joints beyond the 4th cylindrical and very long ; 
3 and 4 rather thicker, and together not much longer than any of 
the following ones, being about twice as long as broad ; antennm 
blackish, joint 10 whitish except at the base ; pronotuni black, 
narrower than the head and rounded behind j its lateral margins, 
the legs, a broad band on the basal half of each of the tegmina, 
and a large basal spot on the nearly black wings, iuteous ; abdo- 
men with the 2 nd segment laterally tuberculate ; forceps half as 
long as the abdomen, slightly thickened at the base and very 
slightly denticulated on the inner edge, gradually curved, and 
meeting at the tips. 

Hah Ceylon. 

Allied to 0. eeniurio, but smaller and differently coloured, 

Opisthocosmia (?) cieyipyga, sp. n. (Plate XII. figs. 12, 
12 a.) 

Long. corp. 17 millim. ; segm. ult. cum forcip. 7| millim, 

Male. Black ; eyes red ; mouth-parts, the long inferior spine 
of the forceps and the tip mostly red j antennae pubescent, with 
long joints, joint 7 white except at the base (the remaining joints 
wanting); vertex smooth ; occiput reddish broivn, it is separated 
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off bj a deep cbaniiel ruiiniiig between the eyes and, as well as 
tlie vertex, is slightly dejDressed on the median line ; pronotuiii 
oblong, channelled in front, the sides and the hinder lobe raised ; 
tegmina and wings dull black, the latter very narrowly edged out- 
side with reddish ; the projecting part about one third as long as 
the tegmina ; legs very long, ferruginous ; femora reddish brown. 
Abdomen very finely punctured, narrow at the base, but widely 
expanded beyond, the first 4 segments tuberculated on the sides, 
the terminal segment with the extremity depressed, with 2 slight 
elevations at the base of the forceps, and the hinder edge raised. 
Forceps stout, raised, diverging, and then converging ; they first 
form a short curve upwards, and then a much longer one at 
almost a right angle downwards ; about the curve is a short strong 
spine directed backwards ; beneath they are slightly denticulated 
towards the base ; the long downward curves end in long, sharp, 
slightly incurved spines, above which the forceps rise again in 
short rounded curves, ending beneath in shorter spines ; and they 
then rise again to form curved terminal spines, tlie tips of which 
touch. 

Kah, Sarawak. 

Very similar to Forjicttla hngipes, De Haan, hut much larger ; 
and in M lojigipes S only the first two abdominal segments are 
tuberculated ; the species likewise differ in colour and in the 
shape of the forceps. 

G-enus XXVII. Aeechura, SeudcL 
Seidel 'Broc. Bost Soc. Nat. Hist, xviii. p, 289 (1876). 

Type, BorficiiU hipimctata, Fabr., from Europe. 

This species is included by Dohru in his first section of Borfi- 
Giila ; hut few ot the othm’ species w'hich he places with it are 
congeneric with either Forficula or Anmlmra, Several new 
genera will ultimately be required for their reception ; but for 
the present they may be temporarily associated with Bplim- 
golabk. 

Genus XXVIII. FonricuLA, Linn. 

Linn, Sgst. Nat. i. p. 423 (1758) j Serv. Orth. p. 35 (1839); 

BoJirn, Stett. ent. Zeit, xxvi. p. 84 (1865). 

Type, JF. auriGularia., Linn., from Europe. 

This genus must be restricted to those species in which, as in 
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F. auricularui^ the forceps are flattened and contiguous at the 
base in the male and diverge afterwards. 

EoeeicijIjA coriacea, sp. n. 

Long. corp. 11 millini. ; segm. ult. cum forcip. 3 milliin. 

Female, Eufo-testaceous ; head dark reddish hrowm : tegmina 
and wings purplish brown, except the base of the former ; tips of 
front femora and all the tibim and tarsi brown, as is also the 
scape of the antenna) (the rest wanting) ; last two segments of 
the abdomen shining black above, beneath more inclining to red- 
dish; forceps black, with a pale spot at the base of each, and the 
tips inclining to reddish ; the latter are simple, slightly incuiTed 
and upturned. The insect is set with short hairs and is finely 
coriaceous. The second segment of the abdomen is laterally 
tuberculate, and the terminal segment is unusually long, and its 
upper extremity ends in a concave carina. 

Rah, Sierra Leone. 

A peculiar species, not closely allied to any other, and easily 
recognizable by the dark head and apical segments. 

Foeeicula picta, sp. n. 

Long. corp. 8~9 millim. ; segm. ult. cum forcip. 2-3 millim. 

Antennae chocolate-brown, scape yellow ; head yellow (choco- 
late-brown above in the male) ; tegmina obliquely divided, the 
basal and outer half being yellow and the inner and hinder half 
chocolate-hrown ; pectus, legs, and wings wholly yellow ; abdo- 
men reddish-chocolate ; forceps of male widened and contiguous 
at base, gradually curving beyond to meet at the tips, unarmed ; 
those of the female contiguous throughout and crossing at the 
tips ; pronotum slightly longer than broad, rounded behind ; 
abdomen moderately punctured, the 2nd and 3rd segments 
tuberculate. 

Sah. Zululand. 

Foeeicula PLAis-iconLis, sp. n. 

Long. corp. 11 millim.; segm. nit. cum forcip. 4 millim. 

Female, Head and abdomen castaneous ; pronotum black, the 
lateral margins, tegmina, and wings testaceous ; abdomen thickly 
and coarsely punctured; forceps rather long, subcoatiguous, 
nearly straight, but meeting at the tips. 

Rah, North India. 

Allied to F, auricularia, Linn. 
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G-eniis XXIX. Sphi^tgolabis, De Borm. 

Be Bonn. Ann. Soe, Bnt. Belg. xxvii. p. 59 (table) (1883). 

Type, S. fi6reife-m, De Borm., from Sumatra. 

This genus has never been properly characterized, and I cannot 
venture to do this now, because the typical species is not before 
me. SpJdnr/ohUs, however, removes from Borficula all the 
species not yet assignable to other described genera in which the 
male forceps are divergent at the base ; and though it may now 
be used provisionally in this wnde sense, it must later on be sub- 
divided into miinerous smaller genera. 

Sph^golabis variegata, sp. n. 

Long. corp. 15 millim. ; segm. ult. cum forcip. 5 inillim. 

Wemale. Eeddish brown, the pronotum (except the margins), 
the sides o£ the basal segments of the abdomen, and the last 
segment shading into blackish ; antennas at least 12-jomted, the 
joints comparatively short ; joints 10 and 11, the lateral and 
hinder margins of the pronotum, and the penultimate segment 
of the abdomen pale testaceous ; tegmina trieoloured ; a broad 
reddish stripe on the suture, a yellowish-testaceous stripe in the 
middle, and the outer edge blackish ; wings reddish, the borders 
right round to the sutural margin yellowish testaceous; legs 
reddish, the knees and tarsi shading into testaceous ; pvgidiuiu 
rounded ; forceps rather long, moderately stout, not closely ap- 
proximating at base, uuarmed, slightly inciirvcd, and meeting at 
the tips. 

Mad. Sierra Leone. 

Somewhat resembles S', afrkaua^ Dohrn. 

Sphingouabis bipabtita, sp. n. 

S . Long. corp. 13«-16j| millim. ; segm. ult. cum forcip. 
millim. $ . Long, corp. 10 millim.; segm. ult. cum forcip. 3 millim. 

Head and front of pronotum pale red above ; sides and hind 
part of pronotum pale testaceous, the two colours sometimes 
separated by a dusky crescent ; antennie and abdomen darker red, 
the lateral tubercles on the 2nd and 3rd segments of the abdomen 
surrounded with blackish ; tegmina and wings pale yellow, the 
former with a reddish or brownish band on the suture hardly 
extending to the wings ; legs pale yellow. Pronotum as broad 
as the head, subquadrate rounded behind ; tegmina nearly three 
times as long as the pronotum, and' wings nearly 'half as long 
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as tlie tegmina ; head, tegmiaa, aixd wings finely coriaceous. 
Abdomen above covered with large depressed punctures ; the 
last segment deeply depressed in the middle of the hinder half, 
with an elevation on each side ; pjgidium short and broad, curved 
at the extremity ; male forceps with a very large triangular 
projection near the base, dentated and nearly touching at the 
extremity, then slightly curved outwards, afterwards gradually 
approximating till the hooked tips (wAieh shade into blackish, the 
rest being red) meet • they are unarmed, except the projection at 
the base. In the female the forceps are simple, siibcontigiious, 
and meet at the tips, where they are slightly raised. 

Sah. India. 

This species resembles africam^ except in the large tooth 
near the base of the forceps in the male, which indicates a nearer 
aflinity to typical Forjlcula. 

ISpjIIX-GOLliiiS (?) SimuFIEliA, sp. 11. 

Long. corp. 15 miiliin. ; segm. iilt. cum lorcip. 5 miliiin. 

Male. Siibdepressed ; head above, pronotum, tegmina, and basal 
half of femora black, shining, very finely punctured; antennae at 
least 13-jointed, set with short raised bristles, the 3 basal joints 
raib'-testaceous, the remainder castaneous ; face, under surface, 
and legs, beyond the middle of the femora, rufous; hinder 
and lateral edges of pronotum narrowly testaceous. Pronotum 
nearly square ; tegmina half as long again and truncated at the 
extremities ; wings not visible. Abdomen reddish chestnut, the 
sides rugose, and black above to beyond the middle ; Brd segment 
with very distinct tubercles, sometimes reddish ; the hinder half 
of segment T and the middle segments very strongly rugose 
above in the centre, the others less so, and the basal and terminal 
segments nearly smooth ; terminal segment rather large, trua-, 
eated at the extremity, and slightly raised ; pygidiuni very large, 
nearly of the form of a truncated isosceles triangle, but with the 
base suddenly widened; forceps rather thickened at the base, but 
widely separated, curving gradually inwards and slightly down- 
wards and meeting at the tips ; near the base is a very large 
sharp tooth, directed downwards and backwards, below the ex- 
tremity of the pygidium ; there is also a smaller tooth on the 
inner edge at about the middle of the length of the forceps. 

Kul. Queensland. 
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Not closely allied to auy known species, and only provisionally 
referred to S^pJiingolahis, 

SpniKGOLi-Bis spiguI/IEEEJl, sp. n. (Plate XII. figs. 7, 7 a.) 

Long. corp. 17 millim. ; segm. nit. cum forcip. 8 inillim. 

Male. Head dark chocolate-brown ; pronotuin rather narrower 
than the head and nearly twice as long as broad, black, lateral 
borders testaceous; antennse and abdomen reddish, except the 
neighbourhood of the lateral tubercles on the 3rd segment of 
the abdomen, which is black ; teginiiia testaceous, with a blackish 
band on the suture ; wings not visible ; legs testaceous ; head, 
pronotuin, two basal segments of abdomen, and terminal segment 
(except two parallel longitudinal spaces on the back) very finely 
coriaceous ; the rest of the abdomen wdth deep round punctures ; 
pygidium not prominent, but armed with a long sharp spine, 
nearly two millimeters in length, projecting between the base of 
the forceps ; forceps wide apart, thickened and diverging at base, 
then curving gradually dowmvvax’ds and upwards ; just beyond the 
base is a rather strong tooth on the u^per surface, and the inner 
curve is denticulated throughout, as far as a small tooth just 
before the upward turn of the tips, at about four fifths of the 
length of the forceps. 

Hal. Ne^v South "Wales. 

Allied to the South-American S. gracilis^ Burm., and 8. 
ralis, Serv. ; but in these species the pygidial spine is much 
BinaUer; wings are present; and the sides of the abdomen arc 
parallel. In S. spiciillfera the abdomen widens considerably 
from the base to the extremity. 

SPlIlKGOLXniS BIKOTAPA, sp. 11 . 

Long. corp. 13 millim. ; segin, ulfc. cum forcip. 5 millim. 

Male. Head above and front of pronotimi blackish ; mouth- 
parts, scape of aatenniE (ull present), and legs rufo-testaceoiis ; 
sides and hinder half of pronotuin pale testaceous ; pronotum 
oblong, a little longer than broad ; head, pronotum, and tegmina 
all coriaceous ; tegmina reddish chocolate, nearly twice as long 
as the pair together are broad ; wings half as long as the tegmina, 
with a large yellow spot at the base, the suture red, and the tips 
otherwise blackish. Abdomen dull reddish, the 2nd and 3rd seg- 
ments tnbercnlate, terminal segment blackish ; pygidium dull 
red, longer than the last dorsal segment, and of‘ the form of a 
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truncated cone, grooved above towards the extremity ; tbree])s 
red, nearly as long as the exposed part of toe abdomen, separated 
at basOj unarmed, gradually curved, unusually uniform in tliick- 
ness, hairy, and somewhat obtuse at the tips. 

Sah. Colombia, 

SpHINOOLABIS (?) PEEPLBXA, Sp. XL. 

Long. eorp. Id millim. ; segm. ult. cum forcip. G miilim. 

Male. Dark chestnut ; legs paler ; base of femora, tarsi, and 
tips of wings testaceous ; antennte 9-joiiited, joints 5-9 very 
long, terminal joint testaceous, except at base ; pronotum nar- 
rower than the head, castaneous, sides testaceous ; pleura black. 
Abdomen reddish testaceous ; sides of segments 2, 3, 6, and 7 
tuherculate ; forceps laterally compressed, widely apart at base, 
slightly diverging, and curving upwards in a strong triangular 
tooth, thence curving inwards till they nearly touch at half 
their length, then angulated and running horizontally in a 
very slight inward curve ; the pointed tips are crossed at the ex- 
tremity; the inner edge is denticulated throughout its ^vhole 
length ; and all parts of the body of the insect are sparsely set 
with rather long erect bristles. 

Hah, Eio. 

This vspecxes does not appear to he allied to any previously 
described, and will doubtless be placed in a new genus when a 
series is obtained. 

Sphinoolabis meridionalis, sp. n. 

Long, corp. 12 niiilim. ; segm. ult. cum forcip. 4 millim. 

Male, Head above, pronotum, wings, and forceps, except at 
the base, blackish ; aiitenme at least 9-jointed, the joints, except 
the 2iid and 3rd, very loug, sparingly pilose, rufous towards the 
base and blackish towards the extremity ; joint S, and sometimes 
the extremity of joint 7, white ; sides of pronotiiua narrowdy testa- 
ceous, and a testaceous spot at the extremity of the -suture of the 
wings ; tegmiua, abdomen, and extreme base of forceps casta- 
neous ; sides of abdomen blackish towards the base, segments 
2 and 3 tuherculated ; legs testaceous ; pygidium bowl-shaped, 
with a slight projection on the lowex* surface on each side ; 
forceps regularly curved, denticulated tovrards the base, a very 

LINN, jonm — ssoOLoax', tol. xxiix. 37 
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strong rectangular tootk beyond the middle, and a ranch more 
obtuse prominence before tbe tips, which are somewhat attenuated. 

Female (F). Brownish black; anteiiuaB IS-jointed, castaiieous, 
darker at base, vertex slightly reddish; lateral borders of pro- 
notuin, tegmina, except a broad blackish band on the suture, and 
legs testaceous ; wings not visible ; pygidium longer and narrower 
than in tlie male, triangular above, and with the projecting 
lateral points much more conspicuous ; forceps shaped as in the 
male, mimitely denticulated on the inner edge, but without 
larger teeth. 

ffah. Theresopolis. 

Apparently allied to Forjlcula parvicoUis^ Sti.L 

G-eiius XXX. .ApTEEvarBA, IVestw, 

Wedv 2 . Modu Class* Ins, ii. Qen, Sjjnopsls, p. 4ii (IBID). 

Type, Forjlcula albipennis^ Oharp., from Europe. 

This genus will include the small suhapterous European species 
with forceps diverging at the base iu the male, which are included 
by some authors with Forjioula^ and by others with Ghelldura, 
All the species which properly belong to SpJdngolahis have fully 
developed organs of flight. 

Genus XXXL Cheliditra, Serih 
Serv, Ann. ScL JFaf. xxii. p. 30 (1832). 

Typo, Forjdcula aptera^ Cbarp., from Europe. 

Genus XXXII. Caecinophoka, Seudd. 

Scudd. Froc. Bost. Soc. JFat. Hist, xviii. p. 291 (1.S70). 

Type, Chelidura rohusta^ Scudd., from Peru. . 

Xot represented iu the Museum Collection. 


Doubtful Genera. 

G(‘iius XXXIIL (F) CoNDYLOPALAMA, Smui. 

Sund, Fork Skand. JFaturf, iv. p. 255 (1817) ; Scudd. Froc. 
Bost. Soe* Blit, Mist. xviiL p. 293 (1876). 

Type, Condijhpalama apilis^ Sund., from Brazil. 
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G-eniis XXXIV. Typiiloeaela, ^Siuukl. 

SeudcL Broc^ BosL Soc, BTat. Hist, xviii. p. 800 (IS76j. 

Type, Forfctih (?) Iceois^ PliiL, from Chili. 

Believed to belong to the genus lapi/^v, Hai. {TJu/sanura) , 


DESOBIPTIOK OP PLATE XII. 
Fig. 1. Lahidum pugnax. 

± Bcrnwgargon 2 MtagonicHi<. 

;>, 3 rt. Demogorgon Batesi. 

4. CMisochcs (?) gkticornh. 

5 . CJielUovhes ienchrat<n\ 

6. tipongopJiora JJf/souL 

7, 7 «. Sphi-ngokihis apiotilifent, 

8. Lahia buprcstoicka. 

0. Eohmosoiiia Forbc,<L 
10. .hikolahis 

11, 11 Pggulh'i'ana HorsjlekU, 

12 , 12 OphtJiOGOStitia (?) cen'ipgija. 


On a Variety of Alectom Millari (Carter). By A. Vafuh.in 
Jeotixg-s, P.L.S*, E.Gt.S., Lecturer on Comparative Ana- 
tomy to the Birhbeck Institute. 

[Read 20tb November, 1890.] 

(Plate XIII.) 

Ik Ills ‘ Monograph of the British Bpongiads),’ Br. Bowerbank ^ 
figured a siliceous spicule, remarkable for its resembianee in tbrm 
to that of a Gorgonia,^ as belonging to a sponge that had never 
yet been determined.’' 

Mr. Carter in 1879 1 described similar spicules associated with 
inicroscleres of his sceptrelia type, occurring in a homogeneous 
dried sarcode. The sponge appeared to be of an escayatiiig 
habit, but on account of its association with Gliona this could 
not be determined with certainty. He referred it to the genus 
Qummina | under the name of G, WaUiGliii. 

^ Yol. i. pi. xi. no. 244. 

t Amials and Magazine of Natural History, 1879, voL iii. p, 353. 
t Written Cortiehim but corrected subseq[uently. 
hlXX. JOtJEK. — 5SOOLOOY, TUL. XXIXt, 
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Later in tlie yaine year Mr. Carter * was able to a tuU 
aecoiint of a specimen boring in a coral {Ampliihelia ooidata^ 
Duncan) dredged between Scotland and the Faroe Isles. De- 
ciding tliat the sponge could uot remain in the genus Gummina, 
he substituted for the name previously given that of Aleotona 
I'Bllari. 

The genus has not yet been recorded as boring in molliiscan 
shells, but there is a variety of A. Millari commonly found in 
those of Lima excavata, Fabr., from Christiania and the Scandi- 
navian coast. I have not yet observed it in any other shell, even 
in collections from the same locality. 

Though not specifically distinct from the original type, this 
form seems worthy of attention on account of certain peculiarities 
in its mode of growth, and because it presents a striking instance 
of the inclusion of foreign spicules. 

The Mailt of the Sponge. — Scattered over the outer surface of 
the shell are circular openings, irregularly distributed and variable 
in size, leading into passages communicating with the chambers 
excavated by the sponge. The larger are about inch in dia- 
meter, and the passages into which they open are lined by a thin 
white crust. In many cases tbe opening is roofed over by a con- 
vex wFite disk with a central perforation, and similar structures 
are seen occasionally crossing tlie passages below the surface. 
(PL XIII. figs. 3, 4) 

On examination, these disks and the crust iiuing the passages 
are seen to consist entirely of the flesh-spicules. 

In the region of the umbo tlie sliell-siibstanco lias been eaten 
tlirougli in irregular patches, and the spaces are now filled by 
masses of spicules in which the flesh- spicules are far more 
numerous than the inegascleres. 

The question whether the sponge projected on the outside or 
grew over tbe surface in this region is of some interest, as in tho 
original type there was distinct evidence of such an extension of 
growth outside the coral. 

If there had been any such external growth, it is probable that 
remnants of it would be left, seeing that the more delicate pa- 
pilliB over the small openings are still preserved. Moreover, the 
predominance of flesh-spicules in these patches suggests the 

^ Journal of the Eoyal Microscopical fSoeiely, voL ii, 1871), p. 403, pis. xi'ii.- 
Xfii. A. ' 
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presence of a dermal layer tliere. It seems probable therefore 
tliafs tlie growth of the sponge is limited by the shell externally* 

It is Oil examining the inner surface of the shell, however, that 
the special growth-eharacteristics of the sponge are seen. Instead 
of tlie smooth and eye.n surface broken only hy scattered perfor- 
ations that is commonly seen in shells attacked by Oliona^% there 
appears in this case an irregular elevated area covered with blunt 
spines and papilhe. 

Evidently the sponge has endeavoured to grow inwards, dis- 
solving the nacreous layer and encroaching on the premises of 
the mollusc, instead of restricting its wanderings to the thickness 
of the shell. The mollusc has retaliated by depositing fresh shell- 
layers on the intruder, and the struggle has gone on till the 
chambers are several times the normal thickness of the shell, 
and are roofed over by a thin convex layer of secondary sliell- 
sLibstaiice, while the points at wdiich branches have pushed further 
in are represented hy thick conical papilhe. 

The actively growing parts of the sponge are tine threads, 
sending ofi: lateral branches or dividing dichotomoiisly. 

A careful examination of the extremities of the borings indi- 
cates that the excavation is carried on in the same manner as in 
the Cliona described hy Nassonow f. 

Immediately behind these growing tips the sponge thickens 
rapidly, but does not form distinct chambers, so that there is 
nothing of the moniliform appearance seen in some Clionas, 
while the older parts occupy wide couduent spaces only crossed 
liere and there by pillars of shell. 

The rapidity with which the shell is attacked is shown by the 
fact that only the extreme tips are in the normal thickness of the 
shell, while the convex secondary dep) 03 it is developed almost to 
the ends of the branches. 

The best idea of the relations existing between the sponge and 
the shell is obtained from an examination of thin sections made 
through the chambers and papillse, 

* Eyder in the ‘ American iisaturalist/ 1S79, vol. xiil , mentions the 
presence of papillte on the inside of Ostrea virfflmana petbrated bj a boring 
sponge, but does not specify the sponge. I have seen small papilhn due to 
the presence of Cliona in M^tilus latus ; and Hancock mentions “clusters of 
pearl-like points ” due to Thoosa, aaefoides^ Ami. &Mag. Hist. (2) iii. ISdi), 
p. 346. 

t Zeitschrift fiir wiss. Zoologie, xxxix. pi xviii. Kg. 1. 

38 * 
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Thus tlie section figured (PL XIII. fig. 6) shows that while the 
outer layer of the shell is left intact, the chamber occupied by the 
sponge is fully twice the normal shell-thickness. The nacreous 
layer is normally about *75 inillim. thick; over tiio chamber it is 
reduced to *40 inillim., except where the sponge has sent out 
two branches that have been covered by many coucentric deposits 
to a thickness of 1-2 millim. 

In the axis of each papilla thus formed lie spicules of the 
sponge, a p^air of the large skeleton-spicules in one case lying 
close together parallel to the direction of growth and surrounded 
by the small fiesh-spicules. The appearance of these sharp and 
spiiiose bodies lying in a crypt scarcely larger than themselves, 
like a I^holas in its burrow, might have been used as evidence in 
fiivour of the view that the excavating power of boring-sponges 
is due to the spicules. 

One feature of considerable interest remains to be noted. It 
is only in quite the youngest regions that the sponge has been 
able to establish communication with the exterior on the inside of 
the shell. In all the older parts its attempt to grow inward, and 
the consequent deposit of shell over it, has prevented the for- 
mation of apertures. All the papilke are closed at the apex, 
showing that the mollusc can deposit new shell faster than the 
sponge can dissolve it, 

111 the case of Ciionai there has been much difference of opinion 
as to the effect on one anotlier of the two organisms. Thus 
while some writers have held that the sponge commonly dies 
first, Hancock’s opinion was that the death of the sponge came 
only on the breaking up of the shell, when, Samson like, it 
perishes amidst the ruin produced by its own energy.” 

Whatever be the case with Glioiia^ it is evident thattlie sponge 
has not the best of the struggle in the present case, and it seems 
probable that the species is in a transition condition, and repre- 
sents one of the stages in the evolution of shell-boring Porifera. 

The original type inhabited a coral, in which it could grow 
freely in all directions. In the present instance a similar irro- 
gukr growth has been most injurious if not fatal to the sponge, 
owing to waste of energy in dissolving shell that can be readily 
replaced, and to the deficient circulation resulting from the 
' closure of apertures. 

* Haaeoct, Aim. & Mag, I^ai. Hist. iii. 1849, }>. 323, 
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It is obvious tliat anj individuals wbicli tended to grow in two 
directions only would stand a very mucli better ebanee of sar- 
vival, and that tlie continued selection of sucb individuals would 
result in Mgbly specialized sbell- boring sponges like GUona 
Fryeri (Hancock), wbicli burrows tlirougli Flacuna shells of 
extreme thickness, establishing communications for each chamber 
on both sides, without setting up any irritation of the moliiise 
and consequent deformation of the shell 

The Spiculeff . — The Skeletoti- Spicules or Megasclera are diac- 
final and pointed at the end {oxeas). They measure inch in 
length, and in breadth inch and the surface is covered 
with, sharp conical spines ; they are therefore somewhat smaller 
than those of A. Millar% Carter, and are rather more strongly 
spined. 

The Flesh- Spietdes or Microsclera ai’e diactinal, consisting of 
a slightly bent shaft, blunt at tbe ends, bearing two whorls of 
papilla?, each situated at about one third of the length of the axis 
from the end t. 

There are two forms of these niicrosclera : — {a) Larger ones in 
which the average length of the axis is --tp inch and the pa- 
pilla? are sessile. {1) Smaller forms only of an inch in length, 
with the whorls of rounded knobs carried out from the axis on 
short stalks, and having consequently greater proportional 
width. These two types are well defined and do not graduate 
into one another. Both were present iii A. MtUari, but 
apparently only the smaller in the form first noticed as 

Gummina WallieldiT Fragments of a homogeneous membrane 
which resist the action of acid are full of the small microscieres, 
and probably are remains of a dermal layer. 

There is a third kind of spicule present in tbe form of slender 
raplddes. These were also present in A. Millar and commonly 
occur in groups of two or three lying at definite angles to one 
another, connected by dried sarcode in which the smaller micro- 
scleres also occur in bands forming a sort of network. Possibly 
these bodies are gemma?. 

The most important difference then between this variety and 

The dimensions are given in inches to compare with the original typo. 

i’ The flesh-spieiiles of the original specimen were blunt-ended though repre- 
sented as acute. Mr. Carter asks me to state that though his initials were 
appended to the plate accompanying the description (Journal Eoyal hlicr. Soe« 
1870 , pi. xvii.), this was a mistake, and he is only responsible for pi. xvii. a. 
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tlie typical Ilillari lies in tlie absence of tlie smootli raieroxeas 
(subskeleton spicules, Carter) so* abundant in that specimen 

Througli tlie kindness of Prof. Martin Duncan, P.E.S., I have 
been able to examine preparations of the original specimen, and 
the perfect series of gradations from the smooth acerate microxea 
to the “ seeptrella ” type is very striking. The simple forms pass 
into those with scattered papillm, and these again into the typical 
microsclere with its two whorls. It may he noticed also that 
these “ subskeleton-spicules are more markedly diactinal than 
the skeleton-spicules ; they are bent at varying angles, and, as 
Prof. Duncan pointed out to me, in some eases a well-marked 
projection at the angle looks like a rudimentary third ray. 

Inehision of Foreif/n Sj^imdes. — The incorporation of a hetero- 
geneous aggregate of spicules, sand-grains, foraminifera, &c. in 
the fibrous network of the skeleton is a familiar feature in certain 
sponges. Equally well known is the chance occurrence of a 
foreign spicule embedded in the soft tissues. The plienomenon 
of the presence of a number of similar spicules of one kind in the 
tissues of a sponge which has no general habit of accumulating 
foreign bodies is of a different nature, and important on account 
of the errors it might in particular cases occasion. 

In 1880 Mr. vS, 0. Eidley^^ brought before the notice of the 
Society two cases of monaxonid sponges which had included 
spicules belonging to other genera; hut, so far as I know^ similar 
instances have not been recorded in the boring-sponges, which 
are indeed the last group in which such an occurrence would 
be expected. 

Among the spicules first examined from the cavities excavated 
in the shell, there occurred a considerable number of rounded 
triangular disks, evidently derived from the dermal layer of some 
species of Discodermia. The explanation at first seemed to be 
that they had been accidentally w^ashed into the cavities after the 
death of the sponge ; but the absence of other foreign bodies, and 
the fact that they occur in different parts embedded in the dried 
sarcode together with the proper spicules, rendered that expla- 
nation untenable. Moreovex% I have since found them in anotlier 
specimen from Christiania, and, more important still, a group of 
the same spicules occurs in a preparation of the original specimen 
at Aleofom Millar^ kindly lent me by Dr. Hinde. 

* Journ. Liim, ZooL voL xv. 18S0, p. 149. 
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Bearing in mind the difference in habit between the latter and 
the shell-boring form, the difference in the localities, and the 
freedom of both from foreign bodies generally, this association of 
such widely different spicnles seems especially difficult to under- 
stand. Thinking that the determination of the species of Disco- 
iermia from which the spicules are derived and a comparison of 
its habit and distribution might lead to some explanation, I have 
endeavoured to find a record of such a form. 

The spicules are perfectly constant in form and size ; in shape 
triangular, with rounded angles and measuring T5 iniilim. in 
diameter. The three canals in the disk are well-marked, and the 
rudimentary ray short, conical, and pointed. Over the surface 
are scattered circular papilte. 

The margin is always entire, never lobed — a character of the 
jjoimg dermal spicules in many Lithistids, but not a constant one 
in any known species. 

The nearest form seems to be the Diseodennia painllafa, 
recorded by Mr. Carter from the Grulf of Manaar In this case 
the papillm are very much smaller and more numerous, wffiile all 
except the youngest dermal spicules are lobed. 

As the species was encrusting and perhaps partly excavating a 
Melolesia^ the description suggested the possibility of the pre- 
sence of an excavating Discodermia in the shell of Zima^ subse- 
(^uently replaced by Alectona, If such w^ere the ease, however, 
the skeleton-spicules of the Lithistid would be found as well. 
The fact that only dermal spicules occur, indicates that they have 
been derived from some distance, as they are not only easily de^ 
tached, but also easily conveyed by currents. 

BustemaUc Dositionof the genus Khctondu. — In conclusion, it may 
be as well to point out that no satisfactory position in classifl* 
cation has been found for the genus AiectoM, and that the 
nature of its spicules prevents ii,s inclusion in any of the groups 
of the Monaxonida as defined in recent systems. 

Mr. Carter placed it with other boring sponges in his division 
^^Bccoehnida ’’t, but there is no doubt that a classification founded 
on a single character must give way to one with a morphological 
basis. 

In’ Dr. Yosmaer’s arrangement J , the genus is placed after 
Oliom^ but it is only added in the appendix. 

^ Ann. & Mag. Hat. Hist, (5) vol. vi. 1880, p. 146. 1' Ibid, p 58, 

J Broun, Elassen u, Ordnungen des Xhierreicbs — Borifera, p. 406. 
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Messrs. Eidley and Deudy and Dr. E. ?oli Lendenlnld t, 
have classified the Monaxonida according to their spicular 
characters^ but neither arrangement includes the genus under 
consideration. In their division of the ^ Claviiliiia ^ are included 
forms with microselera of the ^^stellate ” type J and with monactinal 
megasclera. 

If, as the authors of the ' Challenger’ Eeport on the Monaxonida 
are of opinion, the microselera are of more classificatory value 
than the megaselera, it may be possible to place Alectom among 
the S^irastrellidcB near to Latmnculia, in spite of its diactinal 
spicules. Two species with oxeate skeleton-spicules have indeed 
been included in the latter genus by Mr. Carter §, and Messrs. 
Eidley and Dendy have described as Latrunmlia (?) acerata a 
third species with similar megasclera associated with microselera 
of the sceptrella ” form. 

If such a form as this can be retained among the OlavuUna, 
the genus Alectom may be placed also in that division ; but it 
will possibly be found advisable to establish a new group for the 
reception of those Monaxonids that have oxeate megaselera and 
stellate diactinal microselera. Moreover, if, as the spiculation of 
the original specimen of A. Millari seems to indicate, the scep- 
trella can be derived from a simple oxea by development of 
lateral scattered projections and their gradual localization round 
two centres, the classificatory value of stellate microscleres may 
have to be reconsidered. 

EXPLANATION OF PLATE XIII. 

Pig. 1. Tiew of the inside of tiie shell of Lima ammtio Fabr., attaoked hy 
Aleetona Milkvri. Nat, size. 

Fig. 2. Outside of the same shell. Nat. size. 

Figs. 3, 4. Ends of two passages opening on the surface of the Bkoll x 10. 

Fig. 5. Pari of the spicular crust round the opening of one of the saino, xbO. 


* ‘ Challenger ’ Eeports, vol. xx. pp. liii-lxviii. 

t Proc. Zool. Soc. 1887, pp. 558 602. 

I For spicules of the shape of the microsoleres of Aleaiona, Mr. Carter pro- 
posed the name of ^^sve^mUe” Messrs. Eidley and Dendy propose the term 
“ diseastra ” m a synonym (‘ Challenger ’ Eeports, 2looL vol. xx. p. 200), but 
the forms to which they apply it are monactinal. It would perhaps be useful 
to keep Mr. OartePs term for diactinal forms, and use dkcastra for monactinal 
spicules like those of LainmeuHa. 

I Ann. &Mag, Nat. Hist; vol. iii. 1879, p, 298 ; vol. ’vii. 1881, p. 380. 
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Fig. 6. Vertical section of the shell, passing through the chamber escalated 
by the sponge, and two of the nacreous papill®. X 8. 

Fig. 7. One of the same papillce, x30, showing spicules of the sponge in the 
centre. 

Fig. 8. The slieleton-spicules. xllO. 

Fig. 9. The larger flesh-spicules. x350. 

Fig. 10. The smaller flesh-spicules. x400. 

Fig. 11. One of the raphides. 

Fig. 1 2. Pai’t of dermal membrane ? 

Fig. 13. Gfemmule? X40. 

Figs. 14, lo. Ben iia I spicules of a species of Biacoclerinia, inclucled in the tissues 
of the sponge. xSO. 


On some Hermaphrodite Grenitalia of the Codfish {Gadus 
morrlmd}^ with Eemarks upon the Morphology and Phyio- 
geny of the Vertebrate Eeproductive System. By (x. B- 
Howes, F.L.S., F.Z.S., Assist. Professor of Zoology, Eoyal 
College of Science, London. 

[Read hth February, 1891.] 

(Plate XIV.) 

I. CoBPisn possessed of hermaphrodite genital glands have 
been known since the days o£ Leewenboek (1688), Easter 
(1761), Xarrell (1843), Smith (1870), Max Weber (1884), 
and others have sizice recorded examples. The fullest descrip- 
tion of sneh yet published is that of Max Weber alluded to 
to be referred to later, and his excellent paper embodies a 
resume of ail that was known up to the time of writing, with full 
references to the works of authorities cited. I have lately- 
received from one of my past pupils (Mr, Walter C. Chappel, of 
Sundeiiand) the genitalia figured on Plate XIV., and our Presi- 
dent has afforded me opportunity of examining five specimens in 
the Museum of the Eoyal College of Surgeons, under his charge. 
My best thanks are due to these gentlemen for their kindness 
and liberality. 


II. I give below^ the' total lengths of the ovaries of the 

"S' Xederl. Tijcisehr. v. d. Bierkimde, Jhg. t. Af. 2, p. 21 (1884). 
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specimens examined by Prof. Max Weber and myselL In no 
case was eitlier tlie length or condition of the fish wdience the 
organs were obtained known ; but, except for a fiitty degenera- 
tion undergone by the testis in the example numbei’cd III., the 
animals appear to ha^e been, in every case, healthy and pro- 
ductive of normal sexual elements. 

T(ible of Mecmirements of observed cases, with remarlas thereon. 

The roman numerals refer to the Catalogue of the Eoyal 
College of Surgeons Museum. 

Total length in Centimetres. 

Loft ovary. Eight ovary. 

17-r) ^ I 1G*5 ‘ 

Testis present at posterior end of each ovary ; 
eonfliieuce established on each side, by means of n 
short duet entering posterior pointed extremity of 
ovary. 

11. Ohappel 12 | IG 

(PI. XIV. figs. 1, 2). Testis present on right, side only; confluence ns 
with T. 

in. 454 0 17 I l;j 

^ Testis (in bulk as large as the two ovaries 
I together) on left side only ; confluence over a wide 
i area of the ventral postero-external boi’der. Siib- 
slance of ic.stis largely fatty and degenerate; 
spermatozoa looked for but not observed. 

19 1 20‘5 

Testis on middle left side ; confluence estab" 
lislied over a wide ai’ea of posteiu-exterual border. 
Motile .spermatozoa abundant. 

12 1 12 

Testis on right side; confluence as for I., IT., by 
welLdefliied duefc. 

VL '448 I 12 I 12 

I Testis on right side; confluence eslablished by a 
I short duct, at anterior extremity of ovary. 

vn. 44!) i lOu I 10-0 

I Testis on right side ; confluence established with 
anterior extremity of ovary as for VI. 


IV. 44(; 


V, 447 


I. Max Weber, 
for. eti. p. 22). 
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Ln all six specimens wliicb I have examined, both ovary and 
testis bore the normal characters and appearance ; and in Mr. 
Chappel’s example, which reached me fresh and unpreserved, the 
colour and general relationships of the organs were in every 
respect normal, and identical with those described by Mar 
Weber (L c. p. 24). Indeed, except for an important difference 
in tbe contents of the two (ef, infra, p. 542), and for the presence 
of a remnant of the genital duct, his detailed description might 
serve for the right half of my own specimen. The general 
characters of the several specimens enumerated differ most 
conspicuously iu respect to the degree of backward prolongation 
of tbe ovaries beyond their point of union. In this, however, as 
ill the inequality in length of the ovaries of opposite sides, there 
is nothing which changes consequent upon extrusion of the ova, 
together with the ordinary limits of individual variation, will not 
explain. And, moreover, the facts above tabulated clearly 
indicate that, in the Cod, the differentiation of a testis on the 
one or other side does not lead up to a corresponding reduction 
of the ovary. Eatlier the contrary {cf, fig, 1). 

The genital organs of the Codfish are so well known, and Max 
Weber’s description cited is so complete, that it is only necessary 
here to dwell upon certain special details of the specimens 
alluded to above. Firstly, as to the duct connecting tbe ovary 
and testis. Max Weber alludes to it {1. e. p* 24) as the “ vas 
deferens — really a tube,” &c, ,* he figures (pL iii. fig. 2) a style 
passed into it, but tells us nothing of its orifice of communication 
with the ovary. In his drawing it is represented as skirting tlie 
inner two-thirds of the attached border of the testis ; in my speci- 
men {d.t; fig. 1) it was much shorter, aud the testicular substance 
was set upon it in the manner of a rosette. On laying open the 
duct I found it to be a spacious tube (d.t., fig. 2), honeycombed 
in the manner of that of the normal male, over its upper and 
inner areas. Its lower moiety was longitudinally subdivided by a 
kind of septum which shut off a small orifice placing it 
postero-externally in communication with the interior of the ovary. 
There arose from the postero-internal wall of the ovarian capsule 
a stout membranous fold which projected inwards and 
passed, for a distance of 1 centim., towards the orifice of com- 
munication with the testis-duct ; on nearing that it expanded 
to form a w^elLmarked valve-like structure. It would thus 
appear that not only was there present a duct competent to 
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transport spermatozoa, but that a complicated apparatus existed 
in connexion with the saoie. 

Spermatozoa were found in the testes of similar specimens 
examined by Weber and Halbertsina {cf, Weber, h c. pp. 26, 
27). Dr. Weber says of Hs specimen that (p. 24) the contents 
were of tlie nature of sperm mother-cells and spermatozoa “ still 
united into bundles with their heads and tails iu apposition,” 
and that neither the male nor the female elements were as yet 
ripe. Mr. Oliap)pe]’s specimen reached me, as already stated, 
while quite fresh. The remains of its duet of eominunication 
with the exterior {d.g\ fig. 1) were found to contain mobile 
spermatozoa; and, on careful examination, I was able not only 
to obtain these from the so-called vas deferens, but from the 
interior of the ovary also. Max Weber and others have sur- 
mised that the spermatozoa must, in such cases, ripen and pass 
out through the ovary ; and my own observation proves this to 
have been realiised. No one has yet detected the passage of ripe 
ova to the exterior in an hermaphrodite Codfish j and, in strict- 
ness, the declaration of a complete and functional hermaifiiro- 
ditism for this animal cannot be valid until such passage shall 
have been observed. In view, however, of the condition of the 
ovaries, and of the near approach towards maturation of their 
contents iu my owui specimen and in those of previous observers, 
there can be no reasonable doubt that we have to deal with true 
hermaphrodites, capable of producing botli ova and spermatozoa. 

Hermaphroditism among Teleosteau fishes is well known. 
Aristotle knew" Serranus to be bermapbrodite ; and the recent 
researches of Syrski and Brock and others t hare placed it 
beyond doubt that the hermaplirodite species of that fish are 
regularly self-fertilizing. Among the Teleostei generally the 
hermapbroditie condition is known for 16 genera and 19 species 
at fewest. In three of the former {Gefitmlophts, Opldditm^ 
Smaru) the conditions remain doubtful, aggregations of ova 
having been found in the testes. The hermaphroditic condition 
has been recorded among the Ghipeicke, GyprimUe% Esociim, 
Gadoidei^i Lalroidei^ Percoidei, Pleuronectidm, Sconiberoidei^ 
Bguamipimxes^ and Gparoidei — that is to say, ainoiig typical and 
wide-spread families of four of the six great orders now" custom- 

^ Morphol. Jalirb. Bd. iv. 1878, pp. 567 et mj. 

t Cf, Brook, and Max Wbber, /oc. eif. 
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ariiy conceded, one or two otliers remaining doubtful An 
hermaphroditic condition of the genital glands lias been claimed 
for isolated members of other classes of Vertebrates. It is well 
known to occasionally manifest itself in the Amniota t ; it is 
stated to be the constant condition for a solitary Batrachiaii ; 
Pallas and Benecke liaye recorded it for AeipemerX)^'^^ Semper 
Eor the Selachii§. Again, Langerhans has detected the tails 
of spermatozoa among young ovarian ova of Ampliioxm |j ; and 
Cunningham ®[[ and Nansen have described what must be 
admitted to be, at least, a modified form of hermapbroditism in 
the Mjxinoids. 

Collation of the literature of this subject brings into promin- 
ence two striking facts, viz. : — a. That the frequency of occur- 
rence of hermaphrodite genital glands in the Teleostei is common 
and widespread, as compared with other orders and suborders of 
Vertebrata ; /3. that whereas in the last-named (setting aside the 
MarsipobrancHi, in wdiicb the conditions are somewhat special, and 
the Bidder’s organ of the Anura, as to the real nature of which 
we are still in doubt ft) the dominant condition is that of replace- 
ment of one of the two testes in an ovary, or dee eersd, in the 
Teleostei it is that of the differentiation of the same gland into 
organically continuous ovary and testis. Notwithstanding the 
considerable attention which this subject has received, these facts 
have never before been sufficiently emphasized ; and it remains 
now to follow them to their logical issue, and to enquire 
w”hether they may not have a deep significance. What, briefly, 
is the meaning of the repeated reversion of the genital gland to 
an organically continuous hermaphroditic type, wdiich well nigh 
characterizes the Teleostei among Vertebrates ? 

Max Weber has proposed to distinguish between what he 
terms ‘‘true hermaphroditism” (such, for example, as that 
exemplified in the Codfish figured by him, in which testis and 

* For detailed list see Max Webei% hi\ oit pp. 36, 37. 

t Of, Sir Simpson’s article Hermaphroditism^ ’ in Todd’s 

elopd, of Aiiat. and Phys/ Tol, ii. p. 684. 

I , Of Max Weber, kc. cii. pp. 37-40. 

I Of Ym Wijhe, Archiv f. mikr. Auat. Bd. sxsiii. p. 504 (1889). 

II Ibid. Bd. sii. 1876, p. 326. 

Joum, Micr. Sci. ii. s. vol. xxvii. p. 49 (1887). 

** Aarsber. Bergens Mas. 1887, op. vii. 

1"i- Of Knappe, Morph. Jahrb. Bd. i. p. 480 (1880). 
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oviiiy are coiitiiuioiis on either side aud dehoiicli on to the 
exterior), and those cases in which {loc. cit. p. 29), where the 
sexes are ordinarily distinct, individuals occasionally present 
themselves with testis and ovary on opposite sides. He would 
regard the latter as “pathological”; "Brock has, however, 
objected to this distinction upon what appear to me good 
grounds. It would he surely preferable to retain the term 
“ pathological ” for exclusively morbid and diseased conditions ; 
and the well-established fact that the same blastema gives rise, 
by diverse modification, to both ova and spermatozoa, justifies ns 
ill regarding the various conditions of the adults last alluded to 
as degrees of abnormality f and nothing else. 

The belief that the ancestors of the Chordata were hermaphro- 
dite, for which Haeckel and others have specially contended, is 
daily gaining ground J. So frequent is the occurrence, and so 
marked are the physiological variations of the hermaphroditic con- 
dition of the genital glands among Teleostean fishes, that Syrski 
and Brock have been enabled to classify the same in accordance 
as the species are invariably § or only occasionally hermaphro- 
dite, or as they are (Serrmius) or are not (CJirpopJirp) self- 
fertilizing. Leewenhoek, in 1688, adduced good reason to 
suppose that in the hermaphrodite Codfish which he examined 
the genital products ripened alternately, and that the animal func- 
tioned first as a male. In the specimen which I hero figure this — 
the characteristic feature of “ successive hermaphroditism ” — 
had been realized (e/. ante, p. 512). Brock has shown that in 
Olmjsoplinjs auratu-8 tlie male and female genital products ripen 
alternately. Ctiiminghain, in 18S7, recorded {Jog, cit) the 
presence of both ova and spermatoblasts in the genital glands of 
the young Hag (Mpine gluUnosa ) ; and Hansen {loc. cit.), work- 
ing at the same facts at the same time, has shown this animal 
to be in reality a protandric hermaphrodite, producing mature 
spermatozoa during its earlier existence, mature ova later in life. 
Apart from the fact that this Myxinoid, lowest of the low 
among living Vertebrata, has been thus shown to be regularly 

^ Zeitschv. f. wiss. Zool. Bd. xliv. p. 379 (1886), Vf. Max Weber, Tijtlselir. 
cl. Keel. Bierkimd. Vereen. ser. ii. I), i. p. 128 (1885-87). 

1’ And tluit only as compared with the now predominant unisexual type. 

X Cf. Van Wijhe, be. cit. p. 501. 

§ Serrmim eahriUa, hepafiis, scrike; Ohfysophrp autatiis, Itapllm mot'iwi- 
ms(“?). For detailed list see Max Weber, Tijdsehr. dt. 1884, pp. 3l>-37. 
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liermaplirodifce, tlie facts above cited are sufficient to suggest 
that the hermaphroditic condition, so marked among the Teleostei, 
may be reversional to, if not realistic of, that which must have 
been tbe ancestral condition for the Chordata And if, as 
seems to me most reasonable, the unicjclic maturation of the 
OYotestis of the Hag is an abbreyiated and specialized equivalent 
of the miiltieyclic one of the hermaphrodite Teleosteaiis, the 
question arises wliether, in view of this, the bony fishes may not 
have retained a more primitive condition of the genital glands 
than have tbe other Grnathostomata f. On this supposition, 
their frequent reversion to the condition of bermaphroditisni 
becomes at once intelligible, and, indeed, is that which might 
be expected. 

Brock has shownj that the reproductive apparatus of tbe 
Stylommatophoroiis Pulmonata is laid down upon the female 
plan, and that the later difierentiation of the male parts is some- 
times never effected. He seeks to apply this principle to the 
hermaphrodite Teleostei (loc, cit. p. 37-1) ; but, from examina- 
tion of such of the latter as I have been able to obtain, I am 
strongly of opinion tliat further investigation will prove him to 
have been mistaken. 

Liiulanie has attempted to distinguish between suecessi^'e phases of sexual 
neutrality, herinaphroclitism, and unisexualifcy, in tlie ontogenetic cloYelopnieui 
of the genital glands of the Amniota. He institutes comparisons with what he 
believes to have been the phylogenetic evolution of the organs named, and builds 
up an argument for primitive hermaphroditism (Oomp. Bend. t. ci. pp. 393-305, 
1835, k Bull. Soc. Toulouse, t. xx. pp. Unfortunately, his observations 

are insufficient and of too incomplete a nature to justify the full acceptance of 
his statements. 

1‘ Experimental researches of the last six years have considerably moditiecl 
the old belief that access to the sea is indispenaable for the maturation of the 
genital glands of the Salmones. Not only have flsh been found in the Parr 
stage with functional testes, but Day and Maitland have succeeded in rearing 
young from the eggs of 32 months’ land-locked Parr of ^cduio mluT (Trans. 
Linn. Soc. Lond., Zool. ser. 2, vol. ii. 1885, p. 447 [cf. also Bay’s ‘ British and 
Irish Salmonideef pp. iOl d In view of the above considerations, the 

probability that the earlier maturation of the genital gland of the 133 ale 
8alinonoid may bo the expression of an ingrained tendency towards regular 
hermaphroditism must not be overlooked; and 1 would suggest the same 
interpretation of the recent discovery by Holt, that in the Mackerel the male 
organ would appear to be the first to mature (Trans. B. Dublin Soc. vol. iv. 
ser. 2, p. 437, 1891). 

I Zeitschr. f. wiss. Zool Bd. xliv, p, 374 (i88G|. 
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It is interesting, in view of this and in its possible bearing 
upon the ancestry of the Chordata, to recall the fact * * * § that the 
Ttmtecda, unlike the higher hermaphroditic Chordata, are mostly 
protogynous, 


III. That the genital ducts of adult Teleosteans, when present, 
are invariably eontinnous either wath the membranes which 
suspend the genital glands or (most modified term) with those 
which invest them, is well known. They are frequently paired, 
becoming median and unpaired only when the glands are, as in 
the female Cod, united and saccular. The steps in the realization 
of this continuity have been worked out by Jungersenf and 
others. The urino-genital organs of the Teleostei difter col- 
lectively from those of all other Vertebrates, with the exception of 
the Q-anoidei and Mafsi])6branclii% in the absence of undoubted 
vestiges of the genital ducts of the opposite sex. 

Balfour, in dealing, at the end of his career, with the develop- 
ment of the urino-genital system of the Vertebrata generally, laid 
it down as his final conclusion t that the ducts of the Teleostei are 
most probably ‘‘ in both sexes . . . modified Miillerian ducts” (of, 
I. e. p. 606) ; and he further pointed out that while analogy 
would suggest that they might (p. 580) “ correspond with the 
Mullerian ducts of Elasmobranchii,” See,, on this point there was 
no positive embryological evidence.” Balfour was coiiteiidiug 
for his belief in the homology of the ‘‘Miilleriau ducts” through- 
out the Vertebrata, as tubes formed in relation to the head 
kidney and to a splitting of the segmental duets g. The teiicloiicy 
of post-Balfoorian investigation into the morphology of the ver- 
tebrate urino-genital system has been towards the overthrow of 
this conception; and, indeed, with the recent discoveries of Van 
Wyhe II, Marshall and Bles %, and others named on the next pag(% 
the Elasmobrancliii occupy a well nigh isolated positioii as the 
only great group of Vertebrata for which it has not been either 

* Cf. Herdmaii in ' Oiialknger ’ Eeports, vol. siv. Tunicata, p. 26. 

t Loc, cU, p. 179. 

f Oomp. Embryology, vol. ii. p. 605. 

§ Gf, Sedgwick, Quart. Journ. Micr. Sei. n. s. toL xsi. p. 468 (1881). 

II Archiv f. mikr. Anat. Bd. xxxiii. p. 461 (1889). 

^ Studies Biol. Lab. Owens ColL Manchester, vol. ii, p. 185 ( 1 890). 



HE'EMAPKEODITE GEJfITlI/TA OP THE CODEISH, 


547 


overthiwii or, at least, chrJieiiged on tolerable grounds. Bal- 
four and Sedgwick were the first to clearly show that the 
Mulierian duct of the Amniota might be (chick) a compound 
structure, for the first part of its course split off as a solid 
and hackwardly- extending rod “ from the outer or rentral 
wall of the A\^oHfian duct.” Concerning the “posterior part 
of its course,’’ Balfour wrote that “ its growdiig point lies in a 
bay formed by the outer walls of the Wolffian duct, but does not 
become definitely attached to that duct. It seems, however, 
possible that, although not actually split off from the w^alls of 
the Wolffian duct, it may grow backwards from cells derived 
from that ” {loc, cit* p. 592) 

Conspicuous among the post-Balfoiiriaii researches afore 
alluded to are those of Milhalkovics t, Jiingerseii f, Wieder- 
sheim §, and others, which liave revealed the fact that the 
Miillerian duct of the Amniota is formed, mainly if not entirely, 
as a derivative of the peritoneum, wholly independent of the 
Wolffian duct, arising far forwards and gradually extending 
back. Jungersen’s extensive inquiry wuas especially directed 
towards the Teleostei. He found that the genital duct of the 
female arises as a peritoneal derivative, formed late — that is, sub- 
sequently to the difterentiation of the genital gland, with the 
investment of which it becomes subsequently connected ||. 
Eelying upon his discovery of this independent origin he argues, 
from analogy to tlie independent origin of the Miillerian ducts 
of the Amphibia and Amniota, in favour of an iiomology between 
the two, and shows that the genital duct of the female Teleostean 
may be looked upon as either partially or entirely homologous 
with the Miillerian duet proper, in accordance with different 
views which he formulates. 

Jungersen has observed that whereas in the females the 
genital duct arises independently of the gland, in the males the 
two appear to be from the first continuous ; and he urges 
this as a fundamental distinction between the sexes. The 
leading variations in the structure and relationships of the fully 
^ Cf, also Quart. Joiirn. Micr. Srj. toI. sir. n. s. p, 0 (1879). 
t Month. Inlernat. Jonra. of Aiiat. & Hist. vol. ii. p. 284 (1885). 

J Arbeit, a. d. Zool. 2oot. Instit, Wtaburg, Bel. ix. p. 89 (1889). 

§ Archiv f. milir. Anat. Bd. x.x3:Ti. p. 410 (1890). 

|j Loc. ciL pp. 179 etseqq, Loi\ cif, pp. 192-200. 

nixx. JOITttN'. — ZOOEO&V, TOL. XXIli. 39 
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formed ducts of the males and of those females in wliicli they are 
completely closed are well luiown to affect the opposite sexes 
indifferently ; these weighty fixets of anatomy hear out Balfour’s 
deduction {cf\ infm) that the ducts arc homologous in both 
sexes, and completely override the force of e] ungerseii’s dis“ 
eovery. By a Mlillorian duct we understand one inyariahly 
arising far forwards, either in relation or immediate proximity to 
the head kidney, when such exists, and hecoiniog for the most 
part completed by a process of backward extension. Tlie re- 
searches of Jungersen show clearly that the one distinguishing 
feature of the Teleostean genital ducts is their restriction, alike 
in origin and relationship, to the posterior genital region ; and, 
x\‘iiatever may be said for their supposed homology in the two 
sexes, this fact is, to my mind, fatal to the supposition that that 
of the females represents a Miillerian duct as ordinarily xiiider- 
stooci 

Jimgersen’s Teleostean’s genital duct arises, like Balfour and 
Sedgwick’s posterior segment of the Chick’s Miillerian duet, late, 
and in juxtaposition to the base of the Wolffian or segmental duct. 
The Mullerian duct of the Anura is asserted by Hoffmann to 
arise for the most part as a backwardly extending derivative of the 
peritoneal epithelium. Biirbringer describes the Miillerian duct 
of the Urodelaf as formed (Salamandra) of an anterior seg- 
ment derivative of a thickened and backwardly extending portion 
of the peritoneal epithelium, and a posterior one arising as a 
solid product of the wall of the pro-renal duct These hxets not 
only strengthen the conclusion that the female gmiital duct of 
the Amniota and Amphibia is in all probability a compound struc- 
ture, but, ill view of tlie isolated position of the Elasinobranehii 
already rcfeined to on p. 546, they suggest that it may not be 
serially homologous for the three groups. Upon this possibility 
future investigation must decide. The facts, taken in eonjunc- 
tioii with those to which I have herein, drawn attention, point, 1 
believe, most markedly, to another and simpler conclusion, viz. : 
that the genital ducts of the Teleostoi are in both sexes distinct 
from tliose of Elasmobranehs, Amphibians, and Amniota, and that 

* Zeitschr. f. wiss. Zool Bel. xliV. p. 594 (1880) {vf. & Bh‘s, 

Of. dt* pp. 142-143). , 

t Morph. Jalirb. Bd. iv. p. 31 (1878). 

t €f. 1 . Vijlie & Jungersen, oj). dt 
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tliey are (as lias been alrcBsJy suggested for that of the females by 
McLeod^, BrochtjCiaii Miix Weber J) independent structures 
mi generis. At tlie saM time I consider it not iniprobahlej 
from the facts afore cdtcl, that the posterior moiety o£ the 
Mullerian duct of at least the Amphibia and Anmiota maybe 
the vestige of that xThicLiliLs survived in the Telco stei, aud that 
its anterior moiety is anore recent structure w'lioli has re- 
placed the latter in time-. 

Brock inclines to the l>BLi«ef that the liermaphroditie condition 
of the genital glands has been independently evolved within the 
vertebrate plivdum. I yoxtnre to think that bad the discoveries 
of Cunningham and Usinsen (rm/r, p. 548) preceded Brock’s, 
he would have arrived ab a different conclusion. These and 
the constantly herTiiapli’'{»difcic habit of the Timicata appear to me 
irreconcilable with his &uj position, to say nothing of tlie facts 
which I have emphasised m dealing with the Teleostei 
p. 545) and of Langerlmis’ discovery of spermatozoa in the ovary 
of Amfliioms. While I mtirelj disagree with Brock’s second 
proposition, I fully acq^iifeseQ in Ills first, and with Beard § regard 
both Teleostei and G-aMids as at all stages wholly destitute of 
Mhllerian ducts. The genital duct of these fishes is, like the 
gland which it serves, hemiaphroditic in tendency ; and, in 
view of the fiicts and (son.siderations with which I have dealt, 
I consider that their re|)io*(liictive system may, most satisfac- 
torily and wdth some Eoiiadation, be regarded as the most 
generally primitive among Ihing Goathostoniata. 


IV. Huxley, in ISSB^ Itw attention || to the lack of apprecia- 
tion which has attended. IKsithke’s observations on the genital 
ducts of fishes; and he p4’0*cfteded to describe the parts now in 
Cjuestion in the female Idradb {Osmerus e^erlanm)^ shewing them 
to be readily harmonizable with those of the other Salmonoidei 
and Ganoids, Zejndosims' OJScepted, The Smelt’s ovary is, as 

^ Arch. (I Biol vol. ii. p. 497 (ISSi), 
t Zeitsebr. ^iss. Bool. Bel, xliv. p. 375 (188t)). 

J Morph, dsili r>. Bd. xil. p. 896 (1887). 

§ Anat. Ana. p. 158. 

11 Proo. Zooi Sqq. Xond. 1888, p. 13‘>. 
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[liixley shows, lamelligerous and freely peadent, and reflected 
'irentro-extenially ; while its duct is incompletely tubular and 
lirc^etly continuous with the mesovarium. Tlie duets of opposite 
ddes pass back, converging as they do so, to eominiiriicate with 
the exterior through the mediation of a shallow sac opening 
^ porus genitalis disposed immediately behind the anus, 
liuxley has pointed out, among other things, that this pore can 
have nothing to do with the pori abdomiuales of Ganoids and 
Elasuiohranchs ; and, were not liis reasoning sufficient, the later 
discovery by Max Weber of the general co-exiatence of the two 
in Salmoiioids disposes of future misunderstanding on this 
point. 

Balfour and Parker have shown (as liuxley points out t) 
tliat the oviduct of Lepidostem passes tbrough an Osmeroid stage 
in its development ; and the recent researches of Jungersen have 
proved on appeal to embryology, that the oviduct of Osmerm 

as Huxley supposed, homologous with that of all other bony 
jllshes and Ganoids. 

It is now known that whei^eas in the majority of Teleostei and 

Jjepidosteus the ovary is a closed sac, lodging a central cavity 
Ipbntinuous with the lumen of its duct, in the Osmeroidei and 
iin the remaining Ganoids the former is a folded plate and the 
latter a more or less incomplete tube with a wide ostiiun ; wliiie 
in the Salmonee, Murmnidos, and Colitis §, as in the Gakkviidoe 
Motopteriiw^ and Myodon (i, the oviduct is either insignificant 
'V: 0 r absent. 

^^ngersen’s researches place it beyond doubt that the genital 
]3or0s of those Teleostei devoid of genital ducts arc one and the 
same with the ostia of the latter when present. Helying 
' upon his discovery that the genital glands arc well differeu- 
tiated before traces of their ducts ever appear, he lias concluded 
cit. p. 183) that the ductless condition must have been the 
more primitive one. Against this must be set i,, the invariable 

^ ^Xoipii. Jahrb. Bd. xii. p. SCO (1887), 

y;'' ^ , t Log. dt p. 136. 

t W dt pp. 181 & 102. 

§ Bathke, Feb. cl. Darmkaiml ii. d. Zeugimgsorgaue d. Flsche,” Scluift. d. 
iiatuH. G-esellsch. 2. Daozig, H. iii. Bd. 24 (1824).' 

I Of- G-imther, ‘Iiitrod. to Study of Fishes, ’ p, 158; and tliingerson, ior. dt. 
to* 1& 182-3. 
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presence of tlie ducts in the male Teleostean ; ii., the uudoiihted 
fact that the general organization of Osmerus is of a much lower 
type than that of either 8almo or Colitis, not to say than that of 
the other ductless genera named. 

On the whole, I am inclined to acquiesce in the view of 
Eathke Huxley and Balfour and to regard the Salraonoid- 
Mur^noid type as the expression of a loss of the ducts ; but I look 
upon the Osmeroid type as the lowest term in the series, and 
consider the more typically Teleostean condition (ex. Gadiis) on 
the one hand and the Salmonoid-Mur^noid one on the other, as 
having resulted from divergent modification of the former 
along opposite lines. Huxley has proposed § to term the closed 
condition (ex. Gadtis) the Cystoarian, and that of the Smelt the 
Masmoaricm, and for the ductless type the designation Gym- 
noarian may perhaps suffice. I would point out, in support 
of my conclusion, that Aryentim, whose genital glands have 
been shown by Max Weber j| to be in a less specialized con- 
dition than those of Osmerus, has well-developed ducts; and 
that the researches of McLeod, Balfour and Parker, and Brock 
have shown the cystoariaii type to pass through an elasmoarian 
stage. Further, by way of guarding against future confusion 
between the simple so-called ‘‘ oviduct of the Teleostei and 
Ganoids and the more complex Miillerian oviduct of other Verte- 
brata, which are in all probability non-homologous, the former 
might be termed the ovary -duct. 


T. To turn, in conclusion, to the MarsipolrancliiL The 
genital organs of these fishes discharge their products through a 
couple of perforations in the side walls of the so-called urinary or 
urino-genital cloaca, Miiller long ago described in relation to 
these so-called ‘‘ abdominal pores ’’ membranous tubes ; and 
Yogt and Pappenheim have described in relation to each a short 

* Log, cit. pp. 124-125. 

i‘ Proc. ZooL Soc. Loud. 1883, p. 137. 

I Comp. Bmb. vol. ii. p. 580. 

§ Lectures, 1 884. For permission to embody the terms employed in diis para- 
graph, the author acknowledges Ms deep indebtedness to liis honoured master. 

i| Morph, Jahrh Bd. sii. p, 395. 
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canal. Uiifortunatelj, subsequent iiivestigatioix has not borne 
out these statements 

The urinary and genital pores of the Teleostei open upon the 
exterior^ as is well known, either Independently or through the 
mediation of a eoiinnon urino-genital sinus, and the two orifices 
may, in some of the first-named cases, be embraced by a tegu- 
mental fold suggestive of a vestige of the sinus named. In viexv 
of the researches, more especially of Huxley, Balfour, and 
Jimgbrsen, already recapitulated, it can hardly be doubted tliat 
the genitalia of the Ganoids and Teleostei conform to a common 
type, variable in nothing more than degree of inter 'communica- 
tion between the genital and urinary ducts. That tlie eystoarian 
condition, as exemplified by Ze^idosteus on the one hand and the 
majority of living Teleostei on the other, would appear to have 
resulted from a parallelism of modification is, I think, suffi- 
ciently clear, 

I have shown reason (mite, p. 548) for adhering to Balfour’s 
belief that the generative ducts are homologous in both sexes of 
Teleostei; and if it be true of them it must bo so of the Ganoidei 
also. If this is, as I believe, sound, it is fair to assume, in coii- 
sideratiou of the facts of anatomy and development i^ecapitulated 
in the foregoing pages, that there must have existed a piscine type 
in which the male apparatus was in the elasmoarian condition — 
in which, that is to say, the so-called “vas deferens'’ was an in- 
complete tube with a wide ostium. No ichthyotomist will need 
to be reminded that this is precisely the condition of the parts 
in the Sturiones, except ihat no one has yet succeeded in proving 
that the duct transmits tlie spermatozoa f. In the 8turioiu\s the 
genital glands extend throughout the whole lengtli of the post- 
pericardiac cceloin; and Max Weber’s discoveries a-mong tl'ie 
Salmonoids I show that in the liighcr Ostoichthyes wo havi^ to deal 
with, an abbreviation of this condition. In fact, the Sturgeons 
present us with exactly that which my hypothesis dojiiaads. 
Balfour and Parker liavo concluded § that “ the most primitive 

^ Cf[ Ewart, Jouru. Anat. & Pliys. voL x, p. 488 (iSTl)). 

■t 67* Hyrfcl, Denkschr. Akad. Wicu, 1855, pp. i-’O; Johannes Mkller (lijrti 
and Jimgersen, ioc. cit. pp. 185-187. 

} hnd especially Anjentim, see Morpln Jalirb. Bd. xii. p. ail5, 

I Fbil. Trans. 1882, pa,rtii, p. 42a. 
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type of Ganoid genital ducts is found in tho Clioiidrostei.’’ In 
consideration of the facts alluded to on p. 551, 1 would go further 
and suggest that the general plan of structure of the ClioU” 
drostcan^s genitalia is the most primitive of that of all living 
Gnathostomata, and that it most nearly realises that type from 
which the latter originally diverged. 

The Salmones are among those Teleostei in which the ovary- 
ducts are absent, and the urino-genital sinus iu them (PL XIV. 
figs. 3 & 4, s.) assumes the form of a well-defined sac wliieli receives 
the ureters posteriorly (hi.") and is in the female perforated late- 
rally by the pori gonitales (cf. hr." of fig. 3). Comparison of tho 
male (fig. 4) shows those pores to correspcjid in position with tlu^ 
ostia of tlie genital duets (clr/."). These facts liave been long ago 
described and figured by Oarus and Oito'^h Comparison of 
those Salinonoids possessed of both abdominal pores aud ovidueiil 
slits (figured by Cams and Otto aiul by Max Weber) with the 
Marsipobranclis, seems to me little short of fatal to the view 
entertained by Balfour f, Bridge J, and others, that the pori 
genitales of the latter represent the pori abdominalcs of Elasiiio- 
branchs, Ganoids, and Tcleosteans. If they do, in entering 
into relationship with the walls of the urinary sums they 
must have undergone a translocation for which there is no 
suggestion of a parallel elsewhere. On the other hand, com- 
parison of both sexes of the Marsipohrauchs with those of tlie 
Salmones points, much more naturally, towards a direct homology 
between the parts in question. Deepen the sac of the female 
Salmon (fig, 3), even to tho extent of that of tho male (fig. 4), 
or shorten that of the Marsipobranch, and it would be drilieiilt 
to distinguish between tlie two types. And if, as Scott asserts 

Erlliiiterungfliafehi z. voi‘g1eiolu5iid. AutU., Heft. r. Lei}:)/4ig, 1840, pp. 84), 
pL iv. fig. 5 & pL V. iig. 3. 

1* Journ. Anat. & hhys. vol. x. pp. 34-35 (1870)* 

I Ihkl Tol. xiv. p. SO (1870). 

§ Morpli. Jaliih. Bd. rii. p. U»7 (1882). Of, Shipley, Quart. Joimi. Micr. 
Sei. 11 . s. vol. xxvii. p. 352 (1887). Compare also the account of the cleveloji 
uienli of tlic urinary ducts of the Teleostei, given by and Prince, 

Trans. R. Soc. Edinb. vol xxv. part iii. p. 785 (1890). Most interesting and 
suggestive in view of Scott’s declaration is the recent discovery by Liszt (Zeitsebr. 
wim. Zool Bd. xlv. p. 595, and Anat. Anz. 1890, p. 640) that in (Jrcnihhrns 
pavo the so-called urinary bladder of the embryo opens for a short time into 
tho base of the alimentary canal 
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the urino-genital sinus of the Marsipobrauch is a hypohlastic 
saCj split ofi* from the enteric tube, the difficulty of homolo- 
gizing the perforations of its side walls with the cloaca! pits 
of the other Pisces, which are epiblastic in origin, will be still 
further increased. With this the mind reverts to Eathhe^s 
original view*, shared by Gegenbaur and others, that the 
Marsipobranchii should be included in the category of tliose 
fishes wbieh have lost tlieir genital ducts. 

Inasmuch as their duets are absent in both sexes, they may 
he said to be in a gymnogonarial condition, as distinguished from 
the gymnoarian Osteichthyes, in whicli the females only are 
ductless. 

The chief obstacle in the w^ay of accepting Eathke’s view has 
undoubtedly been the failure of embryologists to find traces 
either of a splitting of tlie segmental duct or of parorchis and 
parovarium in the young of these fishes. If the view of the 
phjlogeny of the Teleostean “ovary-duct” which I have sought 
to establish should remain valid, this objection will have been 
largely dispensed with; for, inasmuch as the Marsipohranchs, 
together with the Salmones, Murceniice, GalaiViidm^JSfotopteridm^ 
Sgodon^ and Cohifis, would appear to have lost not the Mullerian 
duet hut the primitive and hermaphroditic “ ovary>duct,” the 
demand for vestiges of the former will be no longer a sine qud 
mn, 

Balfour has long ago pointed out f that “ the condition of the 
urino-genital organs in Selachians is by no means the most primi- 
tive found amongst Vertehrate»s.” Powerful arguments in favour 
of a belief in convergence of the living Marsipobranchii, Ganoidei, 
and Teleostei towards a common stock, unrepresented at the 
present day, have been lately put forward J by Beard. Ediugor 
has shown the structure of the prosencephalon of the Batoidei to 
be more primitive than that of the Sharks, and 1 have been 
enabled to prove § that, with respect to its dorsal mesentery, the 
Torpedo Sypnos sulniyriim h far more primitive than all other 
Plagiostomes. The latest paleontological researches of Cope|| and 

* Loc> ciL p. 123. 

t Journ. Anat. & Phys. vol. x. p, 28 (1870)‘ 
t Anat, Aiiz, 1890, pp. 146 & 179. 

I Proc. Zool. Soe. Loncl, 1890, p. 07 L 
|j Amer. Hat. vol. xxiv. p. 402 (1890). 
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Smitb "Woodward’^' have forced them to conclude that both the 
living Elasmobranchs and Teleosteans are specialized members of 
their types j they look upon the two as equally ancients and as 
connected with some lower types of greater antiquity, now 
wholly extinct. Putting all together, I accept their conclusions, 
except so far as they involve the so-called archipterygial typo of 
flu ; and that the facts and considerations dealt with in tins paper 
tend in the same direction will, I trust, be obTioiis from tlie 
context. 


VI. Lepidosteus is well known to be tlie only living cystoarlan 
Granoid. Balfour and. Parker, when dealing witli its reproduc- 
tive organs, observed that its ovary and ovary-duct pass tliroiigli 
an Osmeroid stage {ef. ante, p. 550). On having concluded t 
that the genital products of the male arc transported by viisa 
efferentia through the mesonephros, they suggested that “tlio 
Teleostei must .... liave sprung from Ganoids in which the 
vasa efferentia had become aborted.” Jimgersen has shown 
reason for doubting this observation (made only upon one 
specimen of 60 centim. in length) but even if it sliould hold 
good, I am of opinion that their suggestion by no means follows 
as a logical eonclusioii. Por equally good arguments might bo 
brought forward to show that Lepidostens, instead of repre- 
senting, as they would have ns believe, a type transitional in 
these respects between Elasmobranchs and other Ganoids, mighi; 
typify a culminating term in the Ganoid series as now ropresent(>d ; 
tlie ^^vasa efleiTUitia,” as it were, fmst appearing instead of 
languishing. The position of .Balfour and Parker assumes 1 hat ihe 
type of structure exemplified in the urino-genital system of ihe 
living Elasmobranclis is necessarily more primitivo than that of 
the Ganoids and Teleosteans. All subscquoutly discovered farts 
of comparative embryology of the system named are in complete 
opposition to this ; and it will, I trust, be admitted that the general 
structural features of Zepidosieits are most nearly in harmony with 

British Mus. Oat. .Fossil Fishes, vol ii. pp. xi, xxi (1891). 
t Phil Trans. 1882, part ii. p. 424. 

Loe, cit. p. 188. 
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tlie vieM^s licreiu put forwai'd {cf, p. 552). Indeed, the study of 
Le^pidostens, and of tlie facts just briefly alluded to, suggests— if 
it be granted that the Chordata were primitively hcnnaplsrodite, — 
that the differentiation of the Wolffian and Miiilerian ducts 
was associated with the first step towards unisexual ity, and that 
the presence of remains of the one or other of these ducts in the 
opposite sexes of the Fertebrata in the form of a non -functional 
vestige is far from being an index of hermaphroditism, as lias 
been frequently supposed. 

My friend Prof. 'W, INT. Parker has lately sliown that in .Pro- 
topteriis Mullerian ducts are present in both sexes, lie has 
further made the very important discovery t tluit In the male 
vasa efterentia are absent, the testis-duct bedng, like that of 
Osteiclithyes, continuous with its gland — or, to state the fads 
otherwise, that epididymis and vas deferens are unrepresented. 
Prom my standpoint two most striking conclusions arise from 
this, viz. : — (a) that in the perfection of uniseiuality the formation 
of the Miiilerian duet must have preceded that of the vas deferens 5 
and (jS) that the Dipnoi must have struck off from the parent 
stock during the interval in the differentiation of the two 

The living Vertebrata, as classified by their urino-genital system, 
fall into two readily discernible series, viz. : — (a) the Ne'phror- 
cliulie series^ embracing the Elasniobranchii, Amphibia, and 
Amniota, in which vasa efferentia are present and the excretory 
organ is an accessory to reproduction in the male ; (/3) the Ewtlior- 
cMdic^ series, enibraciiig the Ganoids, Teleostei, Marsipobranchii, 
and Dipnoi, in which vasa efferentia are unrepresented, and the 
Wolffian or segmental duct is exclusively renal in function. 
That the latter type must be looked upon as the more primitive 
is clear, from all recent discovery in the morjihology of the 

* Berielite d. naturf. Gescllsch, Freiburg i. B., Bd. iv. Heft .* * * § ), p. 22 (i88.S). 

t As yot urtpublishefl. I here acknowledge my inflebiednesH f.o him lor 
permission to mention his observation. 

I It follows from this that w'hatever be the affinities of the Dipnoi, they can 
have nothing to do with living Clanoids, Indeed they appear to mo to have left 
the Holocephalie branch of the Elasmobranch stock prior to tlie differentiation 
of the immediate ancestors of its living members. In this belief and in my 
views of the inter-relationships of the lehfcbyopsida., I find mysolf in complete 
harmony with Beard {cf, Anat. Anz. 1800, p. 180). 

§ eWht straight. 





HEIiMirilRODITE GENITALIA OF THE CODFISH. 


557 


urino-geiiital system. Tlie Dipnoi appear to occupy a jiartially 
central position in the collective series : and while the Marsipo- 
braiicliii are undoubtedly referable to a much lower stock than 
all other living Chordata with the exception of Ampldoam aud 
the Timicata, their living representatives would appear to have 
suffered the loss of their genital duets. The facts concerning 
them, as I have endeavoured to interpret them, point to an 
apterygial'^' Chondrichthyan with hermaphrodite duct bearing 
genitalia as, to my mind, the most logically conceivable ancestor oF 
the living Vertebrata. 


I claim for my hypothesis, — i., a not inconsiderable foundation 
in fact j ii., that it enables us to harmonize the facts of mor- 
phology of the genitalia of Vertebrates (and especially those of the 
Osteicltthyes so long considered anomalous), at least as satis- 
factorily as any other yet postulated. It renders explicable the 
absence of vestiges of the ducts of the opposite sexes in the 
OsteioUhyes and MyxlchtliyeSy in that they would appear to have 
never been formed; and it furnishes at least a possible explana- 
tion of the constantly recurring reversion of the Teleostean 
genital glands to an hermaphroditic type. 

EXPLAKAfflOiN OF PLATE XIV. 

Fig. 1. Genital glands of an hermaphrodite Codiish {(radits Mordma) ; witli 
remains of genital duct, uroeyKSfc, and suspensory ligaineuis. Ventral 
aspect. One half natural size. 

Fig. 2. The same ; head of right ovary with testis-duct, laid open to show tJioir 
interior and details of communication. Xutural size. 

Fig. 3. Salm) salar, § Dissection to show the interior of the urhio-gcmilal 
sinus, and rohitioas, to the sauie, of the urinary and genital oriiiecH, 
After Oarus and Otto (rof. see p. 553). 

Fig. 4, Salmo mlar, ^ . Comparison dissection to fig. 3. ACter Cants and 
Otto. 


* I would suggest this term to express the absence of paired Jtins, as dis- 
tingiiislied from the apodal condition in which the pelvic members are alone 
wanting. 
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T\\‘fhriic{’ Ictferi^, 


a. Aiiiiw. 
al. Iniesiino. 

hr . IJi'Ofypi (so-called unnarj 
bladder). 

Orifice of the same. 
hr'. Ilrisilc passed ft'oni iidcrior 
of right ovary into tcstis- 
diict. 

hr" . Bristle passed into porns 
genitalis of right side, 

(hg'. CIcnital duet. 

(Lg'r Orifice, of the same. 


(Lt, Testis-duct. 

ms'. Suspensory ligninenl of ovary, 
m.fi" . Alosmiteric fold. 

(m'. Eight ovary, 
ov". Loft ovary. 

Is. Testis. 

Uiino-goidtal sinus. 
Longitudinal septum of teaiis- 
diict. 

-r'b Valve-lite fold at ba.se of 
testis-duct. 

}\o. Ovarian vein. 


A Eevised Classification of the Ttoioata, witli Definitions of 
the Orders, Suhorders, families, Subfamilies, and G-enera, 
and Analytical Keys to the Species. By W. A. Heedmah, 
D.Sc., E.L.S., Professor of ISTat-ural History in University 
College, Liverpool. 

[Bead 5th February, 1801.] 

DnniNa the three years which have elapsed since the last part 
of the report upon the Tuiiieata collected during the ‘Cha]“ 
longer’ Expeditioji was written, I have had opportunities of 
(examining, more or less in detail, many large collections of Tuni- 
eata from various parts of tlie world, including especially three 
important series of specimens from Anstraliiui st‘as wdiich are 
now in iny laboratory, viz. : — the collection of tlio Anstralian 
Museum, Sydney (from which I am drawing up a Museum Cata- 
logiie) ; a collection made by Mr. Bracebridge Wilson in the 
neighbourhood of Port Phillip, and sent to me for descriptioii by 
Prof. Baldwin Spencer ; and, lastly, the collection made by Prof. 
Haddou in the Torres Straits. I have also been able to mate a 
number of observations from the living animals on various parts 
of our own and the Drench coasts. Coiise(jiiently I feel that I 
am in a position now to revise the classification put forward in 
the ® Challenger ’ Eeport, to deal with those few genera not in- 
eluded in that work and those described since 1888 , and to 
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difforentiate, so far as can be done in tabular form under each 
genus tlie numerous species not represented in the ‘ Oliallengcr ’ 
Collection. 

There has never been any sufficiently com])reboiisive work 
on the Tunicata describing all the known species, and although 
this present classification and series of tables cannot pretend 
to be such a revision, still it may be useful as a preliminary 
essay in that direction, clearing the ground and marshalling 
the species in groups. I can scarcely hope that my system 
of classification will commend itself at all points to my fellow- 
workers : in the primary divisions and subdivisions, however, I 
have made practically no change upon the ‘ Challenger ’ system, 
w’hich has been adopted by most writers on the Tunicata since. 
Still less can I hope to have escaped error in the enume- 
ration and arrangement of the numerous species. The literature 
of the Tunicata is so scattered, and many of the descriptions 
so meagre or even misleading, that it is very difficult in the 
first place to collect the literary material, and in tlic second 
place to arrange it correctly. The first to attempt this work 
in a group is pretty sure to commit sius both of omission 
and of commission, hut may reasonably hope for lenient treat- 
ment from his critics, i shall be very gdad to receive aud 
acknowledge corrections and additions to the lists. 

I desire to acknowledge with cordial thanks the very efficient 
assistance I have received from two advanced students of 
University College, Liverpool, Miss A. E, Waidiam, .B.Sc., 
and Miss 3. H. Willmer, who, while working in my laboratory 
during the past year, have prepared for me microscope specimens 
and drawings of a very large number of Ascidians. Miss Warhum 
especially has devoted a great deal of time to sectionizing nume- 
rous colonies of Compound Ascidians; and both ladies have 
undertaken a part of the laborious work of looking-up references, 
of collecting together the various species of the genera aud 
of comparing the cbaracteristics given by different authors, 
and so have enabled me to complete the tables much sooner than 
withmy very limited leisure would otherwise have been possible. 

Although a linear classification, such as this of necessity is, 

Occasionally the diameters made use of in some of the tables are not quite 
satisfactory. It is not possible in all cases to disiinguiBh allied species by 
one or two characteristics briefiy put. They will serve, however, to indicate 
which original desoriptioiiB should be consulted. 
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eaiiuot express adequately tlie relations existijig between tlui 
various groups, still I believe that tliesc groups arc all natural 
assemblages, Avith tlie exception of the ^^Ascldije Coiiipositm,” 
wliieli is to be regarded as being polypliyletic in origin, liavlng 
been derived from several distinct groups of simple Ascidians 
which have independently acquired the proj>e3‘ty of budding so as 
to form colonies. I believe, then, that although it is a matter of 
convenience to retain still the suborder Aseidim Composit^e, it 
may some clay become necessary to break up this artificial assem- 
blage of colonial forms, and to place the sections beside their 
nearest allies amongst the Ascidim Simqfiices. 

I have purposely abstained from being too critical in regard 
to closely related or poorly defined genera and species, believing 
it to be more useful in this pi^eliminary reAusion of the group to 
admit all such doubtful forms if they have any characteristic by 
Avliich they can be distinguished. A number of the older species 
of the Tunicata require to be examined afresh (those it is possible 
to obtain) and re-described, as the original descriptions are no 
longer sufficient to characterize them properly and to distinguish 
them from the numerpus species AA*hich have been described (more 
fully) since. I have thought it better to err on the side of ad- 
mitting into the tables some of these imperfectly characterized 
species rather than to run the risk of doing an injustice to former 
authors by suppressing species which may eventually turn out to 
be distinct and entitled to recognition. Others of the older species 
which in the present state of our knowledge cannot be placed in 
the tables, but Avhich I do not hmw to be mere synonyms, have 
been referred to in footnotes or put in separate lists under the 
genera to Avhich they probably belong. 

I have inserted the autliorities and the dates of fonnation of 
the varioiiB groups, hut have not considered it necessary to 
eiicumher the text with references to tlie original papers. There 
can be no dilEculty from tlie author’s name and the date in 
finding the Avork in question in any bibliography of the Tuiii- 
cata, such as that given in the ^ Challenger ’ Keports I have 

^ It is unnecessary to acknowledge in detail the full use I iiave made of the 
published works of my predecessors and fellow-workers at the Tunicata, as I 
have ransacked every paper knoAvn to me for lists, characters, and other bints 
as to the affinities of those species I have not been able to examine myself. I 
have found specially useful the recent papers of Traustedt, SI niter, von Drasche, 
and Laiiille, 
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aliso, after tlie authorities for the species, given in brackets a 
brief indication of the geographical distribution of each species, 
and have there made use of the following contractions :■ — 
N. Atl. (xSTorth Atlantic); S. Atl. (JSoiith Atlantic) ; IST.W. Ear. 
(the north-western coasts of Europe, such as British area, Banish 
seas, &c.) ; E. N. Am. (the eastern coast of TsTorth America); 
xlrct. (the Arctic seas) ; W. Ind. (the West Indies) ; Med* (the 
Mediterranean, including the Adriatic) ; Eed S. (the Eed JSea) ; 
Iiid. 0. (the Indian Ocean) ; Mah (the seas of the Malay Archi- 
pelago) ; Aiistr. (the coasts of Australia); A. Arct. (the Ant- 
arctic); Mag. (8traits of Magellan and the neighbourhood); 
8. Pac. (South Pacitic) ; N. Pac. (North Pacific Ocean); and 
Jap. (Japanese Coast). 


TUNICATA, Lamh,f 18 IG. 

This class is divided into three Orders, the Ascidiacca, the 
Thaliacea, and tlie Larvacea. 


Order I. ASCIDIACEA, Bh., 1827.^ 

This group includes fixed or free-swimming iSimple or Coin- 
pound Aacidians, which in the adult are never ])rovided with a 
tail and have no trace of a notochord* The free-Bwimming 
forms are colonies, and the simple Ascidians are never free- 
swimming. 

The test is permanent and well developed ; as a rule it 
increases witli the age of the iiidividuaL 

The niuBCulature of the mantle is in the form of an irregular 
network, there being no regular circular bands. 

The branchial sac is large and well developed. Its walls are 
jierforated by numerous slits (tlie stigmata) opening into a sirigle 
peribranehial cavity, which communicates with the exterior by 
the atrial aperture. 

The anus opens into the peribranehial cavity. 

Many of the forms reproduce by gemmation, and in most of 
them the sexually produced embryo develops into a tailed 
larva. 
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Tlie Order Ascidiacea is divided into three Sections—the 
AscidisB Simplices, the xiscidisc Compositse, and the Ascidi^B 
Lucige. 


Suborder I* ASGIDIJS SIMPLIGMS, Saviguy, 1816. 

This group contains fixed (rarely unattached, but never free- 
swimming) Ascldiaiis which are solitary, and very rarely repro- 
duce hy gemination ; if colonies are formed, the members of the 
colony are not buried in a common investing mass, but each 
lias a distinct test of its own. 

The Ascidise Siinplices include four families— the Molgulidfe, 
the Cynthiidae, the Ascidiid^e, and the Clavelinidce. 


Family I, MOLGULID JI, Lcw.-^Butk, 1877. 

Podf usually free, sometimes fixed, rarely peduuculated. 

Test cartilaginous, coriaceous, or membranous, usually covered 
with sand &e,, which adheres to long hair-like processes of the 
test. Branchial aperture G-lobed, atrial aperture 44obed. 

Brmiclml sac usually longitudinally folded (5 to 7 folds on 
each side) ; internal longitudinal bars not papillated ; stigmata 
more or less curved, usually arranged in spirals. 

Tentacles always compound, usually much branched. 

Intestine attached to the inner surface of the mantle on the 
left side, 

Eenal sae present, upon the right side of the body. 

Gonads on the inner surface of tlie mantle, usually deve- 
loped on both sides. Larvie usually tailed, in a few species 
anurous. 

This is the most highly differentiated family of the Ascidim 
Simplices. It contains the following genera : — 

J Branchial sac with no folds 1 

( Branchial sac with from 5 to 7 longitudinal folds on each side.... 2 

r A pair of gonads, one on each side, tlie left one anterior to the iiites« 

1 j tine Paxamolgnla. 

[ A single gonad, alongside intestine 6 

r Infundibula large, conical, i)laced in longitudinal rows, one in each 

) mesh ' Eng3rra. 

1 Infund-ibuia relatively small, corkscrew-like, many in each mesh, 

1 Bostnchobranclitis. 
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Body attacbed, pedunculated, free from sand, and with stigmata not 


in spirals Ascopera. 

[ Generally free, globular, atid sandy, with stigmata in spirals 4 

I j With 5 folds on each side of the branchial sac Pera. 

^ L With 6 or 7 folds on each side b 

f With the branchial and atrial lobes laciniated Ctenicella. 

' ^ \ With no such laciniation b 

.. f With a single gonad, on the left side Eligyriopsis. 

^ I Whth 2 gonads, one on each side Molgllla. 


Paeamolotea, Trmistedt^ 1885. 

Body free. 

Test covered with adhering sand. 

Branchial sac wnth no folds. Stigmata spirally coiled and 
arranged in infiindibnla. 

Gonads present on both sides of the body. 

This genus contains the single species 

Paramolyula BcJnclzu, Traustedt, (Mag.) 


Eltotea, Alder ^ Hamoch^ 1870. 

Body globular, unattached. Branchial aperture 0-lobed, atrial 
4-lobed. 

Test usually thin and transparent, incrusted with sand or 
plain. 

Branchial sac with no folds. Internal longitudinal bars few^ 
broad, and ribbon-like. Infundibula large, conical, formed of 
regularly coiled vessels, which form a double spiral meeting at 
the apex. They are placed in longitudinal rows, one in each 
mesh. 

Tentacles com p ound . 

Gonad forming a single mass situated on the left side close to 
the intestine. 

The species of this genus may be distinguished as follows : — 
f Body attached by a very long peduncle. 

] B, fcdnnculata^ Traust. (Arct,) 

[ Body not pedunculated \ 

f Test thin, transparent, without sand. 

1 ] B. JeeryueUnenm^ Herdm. (A. Arct.) 

[ Test opaque, covered with sand 2 

Lim. JouEK. — zooboer, tol. xxiii. 


40 
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I' Siphons concealed by a fold of anterior end of test. 

'2 I K, bilalmfa, Sluit. (Mai.) 

I Siphons not concealed by a fold 

Both siphons Yory long, as long as diameter of bodj. 
o ' E, Venn (E. N. Ani.) 

Siphons not Yory long 4 

f G-onad confined to intestinal loop, CO tentacles. 

4" E?. Y. Di\ (Mod. ) 

! Gonad not confined to intestinal loop 5 

.. f Gonads paired^ E. symeMca, v, Br. (Ard. & Med.) 

[ Gonad single, crossing over intestinal loop U 

nTith a circular area on side free from sand. 

^ J E. cflutwans, MolL(Atl.)( ~ E.arcnosa, 

Body entirely covered with sand. ' Aid. & Hanc. ). 

I E, glohosa, Hanc. (N.W. Eiir.) 


Bosteichobeanchtjs, Tramfedt, 1882. 

Body free, sotnetimes sandy. 

Test moderately thick and tough, wrinkled. 

Brcmchial sac with no folds. Infundibula of small size, cork- 
serew-like, and placed many in a mesh. 

Gonad present on the left side only. 

This genus contains a single species, BostriaJiohmnoIms man- 
kattensis, Dekay, from the east coast of ISTorth America. 


Ascopeea, Kerdmmi, 1880. 

Body more or less pyriform, pedunculated, attached. 

Test thin, between membranous and leathery in texture, having 
no adhering sand and no hair-like processes. 

Branchial with seven folds on each side. Stigmata straight 
or curved, but not arranged in spirals. JTo infundibula. 

Tentacles compound. 

Almeniaru canal on left side, running antero-posterioiiy. 

Gonads developed on both sides. The gland on tlie left side 
lies ventral to the rectum. 

There are two species, separated thus » 

* This species seems to belong to Fammolgula rather than to Eugyra ? 
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Body pyriform, stalk short, stigmata mostly ctirred. 

A. gigantea, llerdrn. (Kerguelen Isl.) 
Body club-shaped, stalk long, stigmata iriostlj straight. 

A, pechiUGidafa, Herdm. (Kerguelen Tsi.) 


Peea, Stimpson, 1852, 

Bodg attached or free, may he slightly stalked. 

Test sandy or not. 

Bomicliial sae with five folds on each side. Stigmata in spirals 
or in rows. 

This gemis (whicli is simply timse Molgulids with five folds 
only on each side of the branchial sac) contains four species’^': — 

f Test delicate and transparent P. chrystalUna, Moll. (N. All.) 

[ Test opaque and more or less sandy ' 1 

r With very long branchial and atrial siphons. 

1 * P. longleollis, Wagner. (Aret.) 

I With the siphons short or inconspicuous 2 

( Stigmata of branchial sac curved... P. Hancocld, Herdm. (K.W. Eur.) 

"" 1 Stigmata straight P. Carpenieri, Ilerdni. (N. Atl.) 


CTEHiCELLAf, Lacaze-ButUers, 1877. ' 

Bodg fixed. 

Test covered with sand. Branchial and atrial lobes laciniated 
or cleft at their edges into numerous sharp processes. Atrial 
siphon furnished with a bilobed valve. 

Branchial sm with seven folds on each side. Stigmata spirally 
coiled, arranged in infundibula. 

Dorsal lamina with the margin toothed. 

Gonads present on both sides of the body. 

The four species of Oiemcella may be distinguished thus : — - 

{ Dorsal tubercle horseshoe-shaped 0. Lanceplaim, Dae.-Dutli. 

(IST.W.Eur,)' 

Dorsal tubercle S-shaped I 


* Pot Mwleyij Macd,, is a BhodosoTm (see Ascidiid®). 
t Molgiila oomplanata, Aid. & Hanc. (K.W. Eur.) may belong to tliie genus. 
If so, it differs from the other species of CtenicelU in having only 6 folds on 
the left side (right, of Hancock) of the branchial sac. Mtkomphrya euggranda 
of Q-iard probably belongs to CiemceUa, 
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i Oorsai t.ulirreh.'i with Inufr n\iM paralial h> loii^ n\is of ftohy 

1 ! Monsal itibrrr.lc with lon.tij axis inuinvom- to axis of body. 

I fjao.-iPitJ!. (Med) 

j' Ton(iitd‘s sli.d'ht.ly hranclnM}, dorMui laHiiiia stroiij^ly loollu'tl. 

1 * i.lttjiiU'iUiii’lihlftt^WvWx^W (MihI.) 

“ Ti'iitaidcs Wi'll bnuichcd, doraul lumitia t lij.ditly lootiuMi. 

1 6 *. !')ul li. (N.Wh 


iVloLitiTJ'.A/'^^ .Forhus\ 18 r>J'L 

Ihcli/ imiialiy globular, aitachcd or frc(‘, ofioji cucrustod wiili 
Nund iind mud. Eraiudiial aperture G-lobed, atrial ‘Wubi'd ; lobes 
iiol- laeiuiadtML 

Iksi usually thin/but lougb; often Avitli hair-like processes on 
the (vid:or siirfiuc'u 

llknile tliin arul mcinbranocis ; ninsenlaiuro usuariy ieeblc, 
conaistmg cdvicHy of long radititing bundles arising Ironi the bases 
oi' tlio sipliona, and of short liiail'orm (dumps of iibres scattered 
through the mantle, 

Bmnolml sac vvitli G or 7 longitudinal f(,th}s on each side, 
Htigmata more or less (jurved, coiled spirally in infundibula* 

Ten i miles eoi n p o an d. 

Alimenkmj caned on tlm left side of the brancliial sac. 

Goumh dcYcdoped on botli sides. 

Banal organ in the form of a crescentic sac placed iji the 
centre of the right side of the mainle, and 'usually containing 
concretions. 

The n II nieroris species t of Miolguh whbli have been sufficiently 
cliaracderizm,! may be Heparatod ns follows 


I With (i fuhb ou wirli Hub^ of the hnmehial I 

rW'ithT foklH 2 

I Jjowor tnids of I ho foldn provided with totigiiodiko proccssaoH, 

M, mpmia^ v, Dr, (Mod,) 

1 W 0 aueh procossoM p resoni: * ' ^ 


♦ locdudes Gi/mnoepsthf Q-iard, and AmrcUa, Lac.-Duth. 

,t M'okjuki psammodm was doscribed by Traustedt in 1880, but was not in- 
oiudecl in the table of "species of tlio genus giyen by the same author in 1882, 
and coiisequeatly Ijae probably been given up. According to Cams, it is the 
same as ilf. ocmlta^ Kupff. 
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r Small papillae on the edges of the stigmata. [lilur.) 

3 ] M. mpura, Heller. (Med., N, W. 

^ r Dorsal tubercle elongated, not horseshoe-shaped 5 

\ Dorsal tubercle horseshoe- shaped 6 


( Dorsal tubercle nearly linear, subax’cuate. 

M. eiigyrokles, Traiist. (S. Atl.) 
Dorsal tubercle irregularly convoluted, serpentiforra. 

M, Roliiana, Herdm. (N.W. Eur.) 


g f Aperture between horns of dorsal tubercle turned to the left 7 

I Aperture turned posteriorly 8 

r 4 to 6 inter, longit. bars on a fold ; anus with plain free edge. 

7 j ilf. Kojrni, Traust. (W. Ind.) 

[ 2 to 4 inter, longit. bars on a fold 9 

g f Anus with a fringed edge M. simplex, A. & H. (N.W. Eur.) 

[ Margin of anus smooth M. mact'osvphonica, Kupf, (N.W. 

[Eur.) 

g f Edge of dorsal lamina entire 10 

[ Edge of dorsal lamina toothed 11 

f Anus with a plain edge M. tena.v, Traust. (W. Ind.) 

[ xlnus with a fringed edge 12 

3 int. long, bars on a fold M. ampiilloides^ v. Don. (N.W. 

[Eur., Med.) 

4 int. long, bars on a fold M. sociaUs, xAldor. (N.W. Eur.) 

r Anus witli plain edge M. LutJmiiwm, Traust. (N. W. l^].) 

[ Anus with a fringed edge ilT. iuhlfera, Gfrsted. (N.W. Ear.) 

{ Dorsal tubercle simple, circular, and funnel-shaped, no liorn.s. 

i¥. pyrlfoTmis, Herdm, (S. Atl.) 

Dorsal tubercle curved, with horns 13 

14 

— 15 


12 


11 


IS 


f Dorsal tubercle horsosboe-shaped 
[Dorsal tubercle S-shaped...,,, 


14 


Margin of dorsal lamina fringed or toothed 10 

Margin of dorsal lamina plain 17 


16 


18 


f Only the posterior half of body sandy. 

' j A/, gigmifm, Oinm. (Mag.) 

[ The whole of body sandy M. oevulta, KupC (N.W. E., Med.) 

I' Siphons retracted between folds of test ; no sand between the aper- 
tures ill omlata, Forb. (N.W, Eur.) 

No such folds of test present Ig 

f Papillce on the margins of the stigmata. 

] Al Traust. (W. Ind.) 

[ No such papilljs present 19 

ig (“Homs of dorsal tubercle merely turned in 20 

" [Horns of dorsal tubercle coiled spirally ; aperture turned to right kde 21 

Test not sandy 22 

Test sandy ■ 23 

,-y,j f Outside of siphons echinated, or having pointed projections 24 

*^“ [ Siphons not eoliinuted ' []., *.!!.' 25 

LINK. JOUMK.— EQOLOG-T, TOL. XXIIl, 41 


20 
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r Only the branchial siphon ershinated. i¥. echbiosiphonloa, Tjac.-Butb. 

24] ^ [(N.W. Eur.) 

[ Both siphons echinabed If, nuda^ Wagn. (Arch) 

QP- (Body globular, nob attached ISLccBpiformis, Ilerdni. (N.W.E.) 

t Body attached 26 


og / With a short peduncle 
[ With no pedimcle....... 


M.pcdit')iciilafa, Her dm. (A. Arct.) 


27 


1 Attached by a '^yide area partly on left side. 

M, citfbia, A. & H. (N.W. Eur.) 
Attached by a narrow area at posterior end. 

if. llelleri, t. Dr, (Med.) 


( Aperture of dorsal tubercle turned to right side ; anus with entire 

free edge 

Aperture of dorsal tubercle turned posteriorly ; anal margin entire, 
but adhering M.septeiiiriomll6lSlr<x\\.^L (?Arct.) 


28 


f Six series of conical papillae on tlie test round the brauehial aperture, 
j if. Kuplt (N.W. Eur.) 

"" I No such papillae present ; siphons long. 

[_ iif. solenoid^ Lac.-Duth. (N.W. 

f No sand &e. on the test if. grcga}'ia, Less. (Alag.) 

( Test sandy 29 

(' Mantle thick and opaque, with muscles forming a close network. 

29 j M. horrida, Herdm. (Mag.) 

[ Mantle thin, transparent, with the usual Molgulid musculature 30 

r Inferior margin of anus adhering 31 

50 I Margin of anus entire, free ; large genital papilhn on each .side of 

[ rectum Lae. -Hath. (N.W. Eur.) 

r Stigmata small and short ; anus bilabiate. 

51 • M.grmlandka, Traust. (N. Atl.) 

[ Stigmata very long; anus rounded... MJ roscouitay Lac.-Diith. (N.W. 

[Eur.) 

[4 iut. long, bars on a fold M.Forbcd, Herdra. (Austr.,Mah) 

[ 5 or 6 iut. long, bars on a fold if. Madcmil, Traust. (Ind. U.) 


Mohjida horeasy Traustedt (Arct. ?), appears to come in hero 
Lesido M. and J/. MarteiiBii^ but I am uuable to flud a 

description wliich will give differentiating characters. 


Exjuxeiopsis, Foule ^ 1885. 

Body ovoid, attached ; not inernsted witb sand. 

TeH smooth, thick, with no hair-like processes. 

Mantle thin; musculaturo weak, hut both iongitudmal and 
transverse. 

Branchial sac with 1 folds on each side. Stigmata curved, and 
coiled spirally in infundibula. 

Tentaeles compound. 

AUmentarg canal on the left side. 
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Gonad single, placed on tlie left side, anterior to the intestinal 
loop. 

This genus contains the single species Hugyriopsis Zaoazei^ 
Eoule, from the shores of Provence. 

The following Mulgulids cannot, on account of the very im- 
perfect descriptions which have been given of them, be placed in 
any of the tables. Probably most of them belong to the genus 
Ilolgula) several may be synonyms, or young conditious of 
other species : — 

M. tidndosa, Bathko. (IN’.W. Eur.) 

M. in€07ispieua^ Stimps. (Aiistr.) Only 4 bmnchial folds? 

M. incompicua, Aid. & Hanc. (N.W. Eur.) 6 branchial folds. 

M, sordida, Stimps. (E. N. Am.) 

M. prodacta, Stimps. (E. N. Am.) 

M. arcnosa, Stimps. (E. N. Am.) 

M. Verr. (E. N. Am.) 

M. reiorUJof'mis, Verr. (E. N. Am.) 

3L IdiSoralis, Verr. (E. IS". Am.) 

M. papillosct, Verr. (E. N. Am.) 

M. pihdam, Verr. (E. N. Am.) 

If. 'pelluoida, Verr. (E. N. Am.) 

, M. lahecidlfc}% Stimps. (Oliina.) [? Ascicliidjn.] 

M. Gomdiilegaig). 

C<edr(i paradUca^ Maccl. (Aiistr.) 

Macd. (Austr.) 7 branchial folds. 

C, peJkoida, Maccl. (Austr.) 

M. si^diumta, Aid. (N.W. Eur.) 

M* adharens, Gf-iard. (N.W. Eur.) 

Lithonep)hfgii dve'q)i(mSi Giard. (N.W. Eur.) 

Ggrmua/dis cvmosa, G-iard. ("N.W. Eur.) 

Euggni amiafa, Verr. (E. N. Am.) 


Eamily II. CYNTIIIIDiE, Lae^-Buth, 1877. 

Bodg usually attached, rarely free, sometimes pediiiiciilated. 

Tes^ membranous or coriaceous, rarely carliiaginous or covered 
with sand. Branchial aperture usually 4-lobed, atrial 4-lobed. 

Branchial sac longitudinally folded; internal longitudinal 
bars not papillated. Stigmata straight, never forming spirals. 

Tentacles simple or compound. 

Intestine on the left side, only slightly, or not at all, attached 
to the mantle, 

4iF 
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Gonads on the inner surface of the mantle, cither on both 
sides or on one only. 

This very large and important family contains three well- 
marked sections or subfamilies — the Eolteniinm, the Cynthiinse, 
and the Styelinm. 


Subfamily BoLTEFiijiriE, Herdman, 1880, 

Bod'i/ attached and pedunculated ; pedancle usually very long ; 
branchial and atrial apertures having either 4 or less than 4 lohcs. 

Test coriaceous, momhrauous or cartilaginous, not covered with 
sand. 

Branchial sac with more than four folds on each side. 
Tentacles compound. 

This subfamily includes four genera, which may be separated 
thus ; — 


f Fine longitudinal vessels and stigmata present Boltenia. 

I No fine longit. vessels in branchial sac 1 

1 f Branchial aperture 4-lobed Cystingia. 

I Branchial aperture more or less triangular 2 

f Stalk relatively short and thick Fnngulus. 

\ Stalk relatively long and slender Culeoliis. 


Boltenia, Bavigny^ 1816 . 

more or less globular, fixed on a bug peduncle; aper- 
tures lateral, 4-lobed. 

Test coriaceous or cartilaginous. 

Bf^ancJiial sac longitudinally folded, with 6 or more folds on 
each side. Pine longitudinal vessels present, forming straight 
stigmata. 

Tentacles compoimcl. 

Dorsal langiiets present. 

The species of Boltenia * may be distinguished as follows 

f Peduncle not longer than body J5. kgimen, Besson (Mag.) 

(Peel uncle many times longer than body..... *1.,,. 

.* [Body globular or nearly ovate, regular 

(Body irregular, flattened or lobed 



* Glmelinogsis mhra, Fewkes, is probably a Boltenia^ but the description 
insufficient 
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9 f Peduncle aublateral.. B. ovifcm, Linn. (N. AtL) 

\ Peduncle terminal and median 4 

. / Body subrenifonu B, reniformis MacL. (Ai’ct.) 

[ Body elongate- ovate 5 

r Branchial aperture on same level with peduncle ; apertures sessile. 

K J B. clcgans, Herdm. (N. Atl.) 

I Branchial aperture not on same level with peduncle ; apertures pro- 
L minent B.Judformi^^ Sav. (Arct.) 

g / With large lobes or tubercles from the test 

[ With no such proj ections. 7 

g f No spicules in the branchial sac B. gihlmcoy Heller. (Austr.) 

[ Willi spicules in the branchial sac ... B. tuhcmdata, u. sp. (Austr.) 

r Body much elongated, narrow fusiform. 

7 ■ B, BoUenl^ Linn. (Arct.) 

I Body not so elongated B. fachgdermathia, Herdm. 

(S. Pac., Austr.) 


Cystbs"gia, MacLeay^ 1821. 

Body ovate, attaclied to a very short peduncle. Braiicliial 
aperture 44obed, atrial irregular, both sessile. 

Test subcoriaceoiis. 

Branchial sac with longitudinal folds (about fourteen). The 
transverse vessels and longitudinal bars form a loose mcshwork 
not divided into true stigmata by fine longitudinal vessels. 

Tentacles compound. 

Alimentary canal on left side ; stomach very long. 

Gonads on both sides of body. 

There is only one species known, Cystinyia, Griffithsu, Mac- 
Leay, brought from the Arctic Seas near Winter Island by 
Mr. W. IST. Griffiths, wdio accompanied Captain Parry. 

The following species, probably belonging to Boltenia^ are in- 
sufficiently characterized and cannot be placed : — 

Boltenia ruhra, Stimpson. (E. N. Am.) 

B. inivTocoBmuSf Ag. (E. N. Am.) 

B, Biirkhardfi, Ag. (E. N. Am.) 

B. cUlafa, Mcilier. (Arct.) 

B. anstraUSi Q, & G. (Austr.) 

B, syinifera, Q. & G. (Austr.) 


PuNGHLHS, Scrdman, 1882. 

Body globular, borne on a short thick peduncle attached to the 
anterior end. Branchial aperture triangular, atrial bilabiate. 

Test cartilaginous, but very thin, not modified on the peduncle. 

^ Aseklia clamta^ Fabr., may be this species. 
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Branclilal sac witli several slight folds on cacli side; mcslics 
square, no stigmata. ]^o spicules present in the walls of the 
vessels. 

Dorsal lamina a plain membrane. 

Tentaeles compoiiiui. 

Gonads a single gland on each side. 

This genus contains the single species Fmgiihis clnerens, 
Herclm., dredged during the ‘ Challenger ’ Expedition in the 
Southern Ocean from a depth of 1600 fathoms. 

Cux^EOLTJS, Uerdman, 1880. 

Body fixed, pedunculated, more or less ovate; the anterior 
end, where the long peduncle is attached, is narrower than the 
posterior. Branchial aperture more or loss triangular ; atrial 
aperture bilabiate. 

Test cartilaginous, often very thin, usually rough and papil- 
lated on the outer surface. 

Mantle thin, mnsculaturo not greatly developed. 

Branchial sac with about 6 longitudinal folds on each side ; 
consisting of transverse vessels and internal longitudinal bars, 
forming a wide-meshed network. There are no stigmata, the 
fine longitudinal vessels being absent. The larger vessels, espe- 
cially the internal longitudinal bars, are supported by a system 
of branched calcareous spicules. 

Endostyle also strengthened by numerous branclicd calcareous 
spicules. 

Dorsal lamina represented by a series of triangular langucts. 

Tentacles ccunpo und . 

AlimcJitary ermwZ relatively small, ])laced posteriorly on the left 
side ; stomach v(3atral, intestine turned anteriorly and dorsalljq 
and rectum running posteriorly. 

Gonads on the inner face of the wall of the peribninchial 
cavity, developed on both sides of the body. 

This is one of the most remarkable and characteristic of the 
abyssal genera of Ascidians, The seven known species were all 
discovered during the voyage of the ‘ Challenger.’ 

The species may be distinguished by external features as 
follows * : — - 

* Tor a table of distinguisbing characters taken from internal structure, see 
* Onallenger ’ Beport, part i, p. 12C. 
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f Peduncle turned posteriorly 1 

\ Peduncle turned anteriorly 3 

^ [Dorsal end fringed with papilla) ... C, mMmhem, ITerclm, (A. Arct.) 

\ Dorsal end not fringed 0. Herdm. (A. Arct.) 


Dorsal end fringed with papillae. 
Dorsal end not fringed 

Surface even 

Surface very uneven 


4 

0. pcrlahis'^, Sulim. (N. Atl.) 

0. Mitrrapi, Hordin. (N- Pac.) 


' Ai,nal aperture on dorsal edge behind middle. 

4 ^ C, WilUmocsij Herdm. (N. Pac.) 

_ Atrial aperture in centre of posterior end 5 

I- f Surface even 0. MoscM/i, Herdm. tPac.) 

\ Surface very uneven, but smooth ... 0, Wymlk’-Thommni^ Herdm. (S. 

[Pac.) 


Subfauiily C Y it t h 1 1 h Ilerdman, 1880. 

Body attached, sessile or very shortly pedunculated. Bran- 
chial and atrial apertures with 4 lobes each. 

Teat coriaceous, rarely cartilaginous, rarely covered with 
sand. 

Branchial sac with more than 4 folds upon each side (except 
Borhesella- tessellafa, Porbes). 

Ten lades com pound. 

Alimentary canal with no marked stomach, but with a glandular 
lobed af)pendage. 

There are four genera : — Ilicrocosmus^ Cynthia, Forlesella, and 
Bhaldocynthia. The last is a new genus wliich I am forming for tlio 
reception of all those species of Cynthia which are provided with 
needle-like or rod-like spicules of carbonate of lime scattered 
through their tissues ; and FoTbcscdlam a now genus which I 
consider necessary for the remarkable Cynthia tcssellaia of 
Torbes, which differs from all other Oyntliiinm in having only 
4 folds on each side of the biauichial sac. 


[With only 4 folds pi^esont on each side Forbesella. 

[ W itli more than 4 folds on each side 1 

- j Dorsal lamina plain, intestinal loop narrow Microcosmiis. 

^ [Dorsal lamina toothed, intestinal loop wide 2 

^ f Bod-like or curved calcareous spicules in tissues. . . Rliabdocyntlaia. 
[Ho such spicules present Cyntliia- 


* Culeolm Tanneri, Verr. (H. Atl,), is close to this species It may be dis- 
tinct, but has not yet been fully desenbed. 
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M‘iciiooos]MDS, Keller^ 1877. 

Body attaeliedj sessile, not mcrustcd witli a eonfciniioiiB 
coating of saud. Apertures both 4-lobed. A fold of the niaiitle, 
co?erecl by the iiivaginated test, usually present at the base of 
the siphons. 

Test coriaceous, thin but tough. 

B^'iincMal sac with more than 4 folds upon each side. 

Dorsal lamina a plain untoothed membrane. 

Tentacles compound. 

forming a narrow loop, on the left side of the body. 

Gonads on both sides, on the left partly covering the 
intestine. 


2 




I 


The species of Microcosmus maybe distinguished as follows : — 

f Branchial sac with 5 folds on each side. 

if. oli(p 2 diylkis, Heller. (S. Ail.) 

[ Branchial sac with more than 5 folds on each side 1 

f Branchial sac with 6 folds on each side 2 

\ Branchial sac with more than 6 folds on each side 3 

I Tentacles fewer than 12 M, gkha/Hmuiit. (Pac.) 

\ Tentacles 20, or more 4 

r Tentacles 20 ; dorsal tubercle simple, cordate. 

M. Hellcri, Herdru. (Austr.) 

Tentacles 28 ; dorsal tubercle complex, formed of 2 spiral cones. 

if. lierdmani, v. Hr. (B. Atl.) 

g f Branchial sac with 7 folds on each side 5 

^ \ Branchial sac with more than 7 folds on each side (i 

g f With not more than G or 7 stigmata in a mesh 7 

[ With about 12 stigmata in a mesh... M, proimiquus, Herdm. (Austr.) 

„ f With 4-5 stigmata in a mesh 8 

I With 6-7 stigmata in a mesh Af.a«(%/<?rA/r«s,Traust. (W.Ind.) 

Q f Surface of test rough, corrugations irregular and granular 9 

( Surface not so rough, corriigatious regular and smooth 10 

With an extraordinarily long bran cl dal siphon. 

if. scromwy I). Oh. (Med.) 

Brauelual siphon not very long ...... M, palymoTphtm, liciler. (Med. & 

[Austr.) 

I Pinnaj of the tentacles iinbranclicd, 12-14 bars on branchial fold. 

if. milyarU, Heller. (At.l. & Mled.) 
Phma3 of the tentacles hearing small jinnules, 18- 20 bars on fold. 

M. 8ab(tUm% Roule, (Med.) 

A / Branchial sac with 8 folds on each side 11 

\ Branchial sac with, more than 8 folds on each side 12 

{ With lG-20 tentacles, .surface rough, if, em^^peratus, Heller. (W.Ind.) 
With 20-25 tentacles, surface nearly smooth, 

if. distam, Heller. (W. Ind.) 

12 f Branchial sac with 9-10 folds on each side 13 

[ Branchial sac with 12 or more folds on each side 14 

f The 3 lower folds do not reach (Bsophagoal aperture. [W. Inch) 

13 if. vancyaius, Heller. (Med., 

I Ail the folds extending beyond the oesophageal aperture 16 


10 
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15 


" Witb. 14-lG tentacles 
Witk 18-20 tentacles 


1 . f With 14 folds on each side 

[ With 12 folds on each side 


M. claudicaiis, Sav. (N.W. Eur., 
[Pac., Med., Iiul, O,) 
M. affinis, Holler. (Auslr.) 

M. JiiHmi, V. Dr. (Auatr.) 

M. Bmmhii, n. sp. (Austr.) 


Ehabdocyothia'^, n. gen. 

Body generallj smooth. Branchial and atrial apertures 4- 
lobed. 

Test generally rather soft and cartilaginous, containing cal- 
careous spicules. 

Mantle also containing calcareous spicules developed in con- 
nective-tissue sheaths. 

Branchial sac with six or more folds on each side. The chief 
vessels contain calcareous echinated spicules. 

Ten fades comp o un d . 

Dorsal lamina toothed. 


There are about a dozen species in this genus, and they may 
bo separated as follows : — 


f Branchial sac with G folds on each side 

I More ilum G folds on each side 

( Surface smooth, test gelatinous, colour whitisli. 

li. molliSf n. ap. (Austr.) 

Surface corrugated, test leathery, colour dark brown. 

IL sac‘ci/orm,L% v. Dr. (Jap.) 

Q f Test transparent or semitransparent 

" \ Test not at all transparent 

« f 7 folds on each side 

^ \ 8 folds on each side B. mauriimiaf t. Dr. (Ind. O.) 

( Body elongated ; colour greenish brown. 

B. mh/iiscaf n. sp, (Atmtr.) 

Body rounded, flattened ; colour whitish. 

B. icimlSj n. sp. (Austr.) 

^ \ Test not soft or oartilugmous 

« f Test thin, surface roughish B^^apkkmis, JTcrdm. (Pac.) 

^ \ Test thick, surface smootli E. complauafa, llerdm. (Austr.) 

^ f Animal barrel-shaped ; colour red ... /if. w.m, Sluit. (Aful) 

^ \ Not barrel-shaped ; colour grey or yellowish white, 

Shape pyriform /Ay?yr/i/bmis-,Rathke. (Pac.,Ati.) 

1 Shape oblong, with abroad base, 8 folds un each side. 

8 •< B. pallida, Heller, (Pao., Atl., W. 

1 [Ind., Ind. 0. 

( do., Tar. hllUtonemk, Shut, (MaL) 


1 

2 


Z 

4 

5 


G 

7 


8 


* If this is exactly the genus for which Lahille, in 1887, proposed the name 
Herdmania (Assoc. Eran 9 .), then BhabdocyntMa must give way to that prior 
designation. 
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Cymiiia'^\ Saoiijny^ 1816, 

Bodij atiiaclied, sessile or very sliortly stalked, rarely in- 
crusted with sand. Branchial and atrial apertures both 4- 
lobed. 

Test coriaceous, rarely cartilaginous; no spicules. 

Mantle well-deyeloped, iisiuilly with a strong iniiseulature. 

Branchial sao with 0 to 12 longitudinal folds on each side. Ko 
spicules in walls of yessels. 

Dorsal lamina a plain membrane, or with the free margin 
toothed, or represented by a series of dorsal langucts. 

Tentacles always compound. 

Ditesiine forming rather a wide loop, on tlic left side. 

(xonads on both sides, the left in the intestinal loop. 


['Branchial folds only slightly developed. 

J 0, iTreg 2 (hfb, Hcrdiu. (Auslr.) 

( Branchial folds all well developed 

- f Body pedunculated 

\ Body sessile 

f Test thi elc and tough 

" \Test thin and leathery 

^ f Surface sulcatecl C. ceTehr}formhMlevt\m, (Auslr.) 

’ \ Surface inerustedwitlisancl and hairs. O.ja^mnva, Traiist. (Ja]).) 
j- f Surface smooth, with silky spines ... C.formosa, Herdin. (Auslr.) 

^ \ Surface not smooth, having biobs and warts 

f Mantle thin, muscles weak ; tentacles 60. 

6 { 0. casUme.i.fofniis^ v. Dr, (N. Pjic.) 

[ Alantle strong and muscular ; tentacles less than oO 

I Dorsal lamina having langucts the entire leuglli 

7 \ Dorsal huiiina having hinguets only at posterior end. 

[ a. JiurcLvl V. Dr. (Ja]).) 

( Meshes very much elongated transversely ; tcutnelcH ; npi'rturcs 

fringed with bristles L, (Mial., N, All,) 

Meshes not elongated ; tentacles 1('5“20. 

Ci siobnlfeni, Ilvllor. (S. Ail) 

o f Test more or less covered with sand 

( Test fruo from sand 

(V j Body free G. aremmi^ lierdm. (Austr.) 

\ Body attached 

( Body coluiimar, with remarkable pad -like thickening of anteriorly. 

0. paepvfkih, liellcr. (Auslr,) 
Body not columnar, and with no such thickening. 

G. jamJ rends, Shut, (Mai.) 

I Test provided wdth remarkable long branched spines 

\ Test with no such branched spines....... 


1 

2 

3 

4 

5 


G 

7 

8 


i) 

10 

II 


12 

13 


^ BalooyniMa, Terrill, is merely a synonym. 
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12 

13 

14 

15 

17 

18 

19 

21 

22 

23 

20 

24 

16 

25 

27 

2G 

2S 

29 

30 

31 


f Dorsal lamina a plain niPmbrano ... G, echinata.Jj. (N. Atl.) 

I With two rows of sinall languefcs ... C, IIil(/nidorJH, TrauBt. (Jap.) 
I'Languets confined to posterior end, 0 brancliial folds, [Med.) 

] , a dura, Ilcllcr. (Ail., Pac., & 

[Languets along the whole length of dorsal lamina 

/ Not more than 6 folds on each side of the brandiial sao 

\ Alore than 6 folds on eacli side 

r E/eproduclive organs in tho form of numerous sinall scalt ered masses 

s attached to maotlo C. condlina, Roulc. (Med.) > 

[ Keproductive organs not broken up into numerous sepai'ato masses ... 

f Intestinal loop narrow C. Imngata, Heller. ('W. Ind.) 

[ Intestinal loop wide 

r Test thin 

[ Test not thin 

f Surface smooth G. clavigera, Traust. (S. Atl.) 

[ Surface not smooth 

[ Hraiioliial siphon with a strong muscle-band at its base and armed 

•t with spines G. uodidoi^w^-i.Jh. ( W. Ind. ?) 

[Hranchial siphon not provided with this arniature 

[& Med.) 

f Inner surface of tost white, soft G. squajuulosa, Aid. (N.W. Eur. 

[ Inner surface not white, nor soft 

f Interna! longitudinal bars regular, 13-15 on a fold, 7 st igmata, iinncBh. 

0. lUisiana, Traust. (W. liid.) 

Internal longitudinal bars irregular, 5 or 6 stiginata, in mesh. 

<7. hamtor, Stimps. (N. Pao.) 

f TonUidofi 20-30, test smooth 

\ Tentacles 12, test rough C.fimi, Herdm. (Ausir.) 

r Apertures inconspicuous, far apart . 0. gangeUon^ Sav. (Red S.) 

I Apertures conspicuous C. aremta, llelicr. (Austr.) 

f Test cartilaginous, smooth 

[ Test coriaceous and rough 

( More than 10 folds on each side of branchial sac. 

J G. hiqnda^ ITcrdra, (Ausir.) 

( Not more than 9 folds on each side 

r Mantle semitransparent, tentacles 12. Gjnomu^yStiy, (Med., Red 8.,Ati.) 
< Mantle opaque, tentacles 24-28, 7 branchial iblda on each side, 

[ 6'. pemtex^ Sav. (Red 8.) 

f Not more tha.n 10 branchial folds on each side 

[ 12 or 13 folds on each side...... ...... G.grandi% Ilellcr. (Austr.) 

f Apertures at opposite ends of body . G. 'mimhUL^ v. Dr. (Jap.) 

I Apertures not distant 

Body oblong, erect, long axis antcro-posterior. 

G, J^ordjmsldoUii^ Wagn. (Arct.) 
Body rounded, or quiulrangidar with lung axis tratisverse 
Body rounded, inamillaied, red, siphons striped with orange* 

C' morm, Rorb. (N.W. E. &Mcd.) 

Body not rounded and not red 

f Body ovoid or retort-sbaped 6'. metadata, Heller. (Med.) 

[ Body quadrangular G. galhmm, n, sp. (Austr.) 


17 

IS 

19 

20 


21 

22 

23 

24 

25 
20 

27 

28 

29 

30 

31 


Eor insufSciently described forms see p. 585, 
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Fobbesella, n. gen. 

Boclij attached, depressed. 

Test firm, modified to form scales or plates. 

Branchial with only 4 folds on each side, or even only 8 on 
the left side. 

Tentacles compound. 

This genus is formed for the reception of the remarkahle little 
“ Cynthia tessellata ” of E. Eorbca, which differs from all other 
known Cynthiiiue and agrees with the Styeliine (from which again it 
differs in having compound tentacles) in having not more tlian 4 
folds on each side of the branchial sac. The Cynthia limacina 
of Forbes is either the same species or very closely related to it, 
and probably tberefore comes also into this genus. 

Tlie single sufficiently known species is then 

Forhesella tessellata^ Forb. (N.’W. Ear.) 

Subfamily S t y e l i f iE, ' Rerdman ^ 1881. 

Body attached, sessile, rarely inernsted with sand. Branchial 
and atrial apertures either 4-lol)ed or irregular. 

Test usually coriaceous, rarely cartilaginous. 

Braneldal sac with at most four folds upon each side. 

Tentacles simple, uubranched. 

AUme-ntary canal mth. a well-marked stomach and no distinct 
glandular caecum or “ liver.” 

Gonads in the form of one or a few elongated tubes, or a 
large number of small scattered masses poiycarps ”) attached 
to the inner surface of the mantle. 

This subfamily includes 8 genera^’*', which may be distinguished 
as follows : — 


f IB'anoliial sac absent t Styeloides. 

pBrauciiial sac preBont ' 1 

^ f Branchial sac with no folds * Pelonaia. 

\ Branchial sac with folds 2 

c) / Branchial sac with no stigmata in the meslics Batliyoncus. 

[ Branchial sac with stigmata in the meshes S 

Q f With only a single fold in the brancliial sac Styelopsis. 

p With more than one fold in the branchial sac 4 


iff, proposed by Lahille in. 1887, cannot be conveniently separated 
from Stye la, 

t This is such an exceptional and remarkable case that I cannot help suspect* 
ing that the single specimen examined by Sluiter was merely an individual 
abnormality. 



CLASSI1?ICATX0K OF THF trUHTCATA. 


579 


^ J With a single gonad, placed on tho right side Dendrodoa* 

\ With gonads on both sides 5 

^ f Stigmata curved Glandula. 

I Stigmata stiaiight 0 

^ f Gronads few, elongated, tubular Styela, 

I Gonads numerous, small “ polycarps ” Polycarpa. 


Styeloides, Shdier, 18S5, 

Brancldal sac entirely absent. 

Tentacles simple. 

Alimentary canal absent. 

This includes a single species, Styeloides alranchiata^ a remark- 
able form found by Sluiter near the island of Billiton in the 
Malay Archipelago. 

Peloitaia, Tories and Goodsd\ 1S41. 

Body cylindrical, elongated, unattached. Apertures anterior, 
not iobed. 

Test coriaceous, wrinkled, partly incrusted with sand. 

Branchial sac with no folds. 

This genus includes two forms which may be separate species, 
viz. : — 

Body much elongated ; surface rough, wrinkled, deep brown, 

IK corruyata^ Forb. (N.W. Ear.) 

Not so much elongated ; surface smooth, pilose, greenish yellow, 

IK ylabra, Forb. & Goods, (N.W. Bur.) 

Bathxonctjs, Jlerdman^ 1882. 

Body ovate or discoid, sessile, attached ; apertures incon* 
splcuous. 

Test membranous and thin. 

Brancldal sac with several slight folds on each side j meshes 
square, no stigmata nor fine longitudinal vessels. 

Dorsal lamina a plain membrane. 

Tentacles simple. 

Alimentary canal on the left side. 

Qomds a single elongated mass or several small masses 
attached to the mantle on each side. 

This is a very remarkable and entirely deep-sea genus. It 
contains three species, all obtained during the ‘ Challenger.’ 
Expedition, and all from very deep water, viz. 1600, 2300, and 
3125 fathoms, the latter being the greatest depth, I believe, from 
which Ascidians have ever been obtained. 
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The three species may be separated as follows : — 
f With one large fold on left side of branchial sac; body ovate. 


s jS. mirahilis^ Herclm. (Southern Oc.) 

[ With small folds only 

, f Body discoid B. discoidaus, Herdm. (N. Pac.) 

\ Eody globular B. minutus, Herdm. (N. Pac.) 


Sttela, MacLmy, 1824. 

Boiy attached, sessile, rarely pedunculated, sometimes in- 
crusted with sand. Apertures both 4-lobed. 

Test usually thin, coriaceous. 

Branchial sac witii 4, or fewer, folds on each side. 

Dorsal lamina usually with a plain margin. 

Tentacles simple, unbrancbed. 

Allmentm^y canal forming a narrow loop. 

Gonads on both sides of the body. Ovaries in the form of 
elongated sausage-like bodies. 

The known species of Styela may be arranged as follows : — 


f Branchial folds partly rudimentary 

[ Branchial folds all well developed 

I f Dorsal lamina plain 

l_ Dorsal lamina not a plain membrane 

o r Two or 3 distinct branchial folds on each side 

I Four slight folds on each side 

( Colour cream-while; test thick but soft, scaly. 

/S', sqmmosaf Herclm. (A. Arct.) 
Colour dark brown ; test tough, wrinkled. 

6^,jmsm,Eerdm, (K Pac.) 

« f Body flattisli, longer than high jS. hmiilis, Heller. (S. Pac.) 

[ Body acorn-shaped, as high as long. /S', ejlam, Herdm. (S. Atl.) 

I Margin of dorsal lamina crumpled 

4 s Margin of dorsal lamina notched and toothed. 

[ /S'. Jaca, Herdm. (S. Atl.) 

( Atrial aperture far hack; siu’face covered with silky hairs. 

/S'. Arricata, Benlm. (A. Arct.) 

Atrial aperture anterior ; surface rough and slightly sandy, no hairs. 

oUonya, Herdm. (8. Atl) 

^ f Body covered with sand 

^ [ Body not covered with sand 

f More or loss sandy all over 

^ Sand confined to posterior half B. hkolor. Shut. (Mai.) 

( Individuals aggregated in clusters, test coriaceous. 

/S', racemosa, n, sp. (Austr.) 
Individuals not aggregated, test rather cartilaginous 

B. exigm, Herdm. (Austr.) 


1 

2 


4 

5 
0 


7 


8 

9 

10 


^ Here also Biyela perforata and Btyela Trcmsiedt% both from the Malay 
Archipelago, the description of which by Skiter has reached me since this 
table was in type, find their place ; they can be readily distinguished from 
B, exigm. 
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Q f Body on a well-markod peduncle 

[Body sessile 

I Peduncle slender, meshes with 6 or more stigmata. 

S. claim, Hcrdm. (N. Pac.) 

Peduncle not very slender, meshes with only 2 stigmata, 

/S’, gelaimom, Traust. (Arcfc.) 

^9 f Languots present 8. bjthia, Ilcrdm. (A. Arct.) 

I Dorsal lamina a plain membrane 

^ r> [ Test with hair-like prolongations from surface 

\ Test with no such prolongations 

fBlaek on surhice, hairs few and large. S.soUaris, Sav. (Rod S.) 

^ \ Grey, hairs small and felted 8. cinerea, Sav. (Red S.) 

-j ^ f Dorsal tubercle large and complicated. 8. mytiUgm, Sav. (Red S.) 

\ Dorsal tubercle not large nor complicated 

f Yery many stigmata in a mesh 

\ Meshes not exceedingly elongated 

{ Body pyriform, apertures with more than 4 lobes. 

8. grandis, Ilerdm. (A. Arct.) 
Body barrel-shaped, apertures, 4-lobed. 

8. laotea, Herdm. (A. Arct.) 


11 

12 


13 

14 

15 


16 

17 

18 


. a f Individuals aggregated 19 

° \ Individualfl not aggregated 20 

[ Surface sulcated, of a white colour... 8. plicata, Les. (Oosmop.) ( = 8’. 

10 Surface not sulcated, of a reddish colour. [gywsa, Hell.) 

[ 8.aggn'gata, O.F. Al. ' ( N . VV . E u i*. ) 

9J-. f Stigmata 3 in a rneali 8, couveam, Iferdm. (A. Arct.) 

Stigmata more than 3 in a mesh 21 

9 1 f Alcshes not divided transversely 22 

[ Aleshes divided transversely 23 


99 [ Body broad (dorso-ventrally) 8. saorfea, n. sp. (Austr.) 

[Body long (antero-posteriorly) 8, radicom, Herdm. (Austr.) 

r Colour pale yellowish grey, siphons violet inside. 

23 i 8. Canopus, Sav, (Bed S.) 

[ Colour red, siphons not violet inside. 8, canopoides, Heller. (Afod.) 


Por imperfectly known species, see p. 585. 


Sttelopsis, Tmmtediy 1882 . 

Body globular or cylindrical, attached, not incrustecl with 
sand. Apertures both 4-lobed. 

Branchial sac with the folds reduced to a single one placed 
near the dorsal edge of the right side, the other 7 being quite 
rudimentary. 

Gonads on the right side only. 

This genus was formed for the reception of the single species 
Siyelopsis grossularia, Van Beneden, common on the north- 
western shores of Europe. 
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Deneroboa, MacLeay^ 182J'. 

Body subcylindrical, attached, not sandy. Apertures minute, 
on anterior end. 

Test coriaceous. 

Branchial sac witli 4 folds on eacK side. 

Ten tacles simple. 

Alimeniary canal on left side, stomach grooved, intestinal loop 
narrow. 

Gonads forming a single branched mass placed on the right 
side of the body on the inner surface of the mantle. 

This genus contains the single species Bendrodoa ylandaria^ 
MacLeay, from Winter Island (Arct.). 

GrLANBTJLA, Stmpso7i, 1852. 

Body free, globular, sandy. Branchial and atrial apertures 
both Mohed. 

Branchial sac with 4 folds on each side. Stigmata curved and 
arranged in elliptic groups round centres which are placed in 
longitudinally-running rows. 

JDorsal lamina plain-edged. 

Tentacles simple. 

Alimentary canal on the left side. 

Gonads forming 5 long masses on the right and 8 on the left 
side. 

This genus, which comes close to Sfyela, but differs from it in 
having the stigmata curved, has had the following three species 
placed in it ; hut they require re-examination, and may possibly 
prove to belong to one and the same species : — 

Cr. fnollis, Stimpsou. (E. ISf. Aiii.) 

G. fibrosa, Stimps, (E. jS". Am. 

G» amikola, Verrtll. (E. N. Am.) 

PoXiTCABr*A, Heller, 1877. 

Body attached, usually sessile, rarely pedunculated, sometimes 
incrusted with sand. Both apertures usually 4-lobed. 

Test usually coriaceous. 

Branchial sac with 4 folds, or less thau 4, on each side. 

Dorsal lamina with a plain margin. 

Tentacles simple. 

Alimentary canal forming a wide loop. 

Meproductwe oryam in the form of a number of small separate 

^ Xreffc ” in MacLeay’s description (Trans. Linn. Soc. vol. xiv. p, 648), as 
he described the animal in the reversed position. 
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masses polycarps ”) scattered oyer ' the inner surface of tlio 
mantle. 

The known species of Fohjcar-pa may be ari'anged thus 

r Branchial sac with folds rudimentary 1 

\ B i-ancliial sac with folds well developed . . 2 

( Test very thin, 2 bars on each fold, 6-S stigmata. 

P. win Ida, Herdm. (A. Arct.) 

Test thick, bars on fold numerous, 1-4 stigmata. 

P. quadraia, Ilerclm. (Mai.) 

9 f Less than 4 folds on each side 

I At least 4 folds on each side 4 


I With 3 on right side and 2 on left. P. glomcmtUi^ Aid. (N. VY.Ear,, 

^ r With 5 folds on right side and 4 on left 5 

\ With 4 folds on each side 6 

( Test thick ; one horn of dorsal tubercle turned out. 

P. S'jmig lab ills, Traust. (W. Ind.) 

Test thin, pellucid ; both horns of dorsal tubercle turned in. 

P. obtecta^ Traust. (W. Ind.) 

P f iSranchial sac papillated on inner surface 7 

[ No papillae on interior of branchial sac 8 

{ Tentacles 25, stigmata normal ... IK paplllata, Sluit. (Mai.) 

Tentacles 40, stigmata small round apertures. 

IK Herdmccnt, Sluit. (Mai.) 

Q f Body pedunculated 9 

[Body sessile 10 

^ r Individuals aggregated in masses. P, nigricans, Heller. (Ind, 0.) 

' [ Individuals not aggregated 11 

, I f 5-12 stigmata in a mesh 12 

^ [ 13 or 14 stigmata in a mesh P. spiralis, Sluit. (Mai.) 

I f Peduncle almost as long as body 13 

[ Pedimcle m ucli shorter than body 14 

[ Apertures conspicuous, branchial anterior, atrial dorsal, lobes distinct. 

P. pedafa, Herdm. (Mai.) 

Apertures inconspicuous, both anterior, iobe.s indistinct. 

IK radiaafa, Herdm. (Austr.) 

4 i (More than 65 tentacles P. viridis, Plerdm. (Austr.) 

\ Fewer than 50 tentacles 15 

{ Body roundish, attached posteriorly by branching roots, someadlioring 

sand P, pedunculata, Holler. (Austr.) 

Body longish, no adhering roots, suiTaec almost smootli 16 

r Mantle thin, muscles weak, dorsal lamina wdde, anterior part sinuous. 

) IK oligocarpa, Shut. (Ma,L) 

] Mantle tliick, muscles strong, dorsal lamina smooth and straight. 

[ P. data, Heller. (Austr, & Mai.) 

1 1 *, f Body all covered with sand 17 

\ Body not sandy, or only partially covered 18 

(■ 4-6 bars on a fold, 1 or 2 in the interspace. 

17 P. pusilla, Herdm, (N.W. Eur.) 

[ 6”9 bars on a fold, 6-8 in the interspace 10 


* Stgela psoloessa, 8, aurita, 8. argmtata, and 8. oUtoria, recently described 
by Sluiter from tbe Afalay Archipelago, too late for insertion in the table, fall 
into this genus according to my definitions. 
link. JOUHK. — ZQOLOayp TOL. XXIIL 


42 



584i 


PROF. W. A. HERDMAK’s RISYISED 


rS or 3 stigmata in a mesh l^^proccm, SluiE (Mai). 

I 4-1.0 stigmata in a mesU 


on f Siplons very long P. lon.gidphmica, Hcrdim (Aiistr.) 

[ Siphons not unusuail;y' long. 

o. f Test prolonged into branched hair-lihe proce8.ses 

I Test not provided 'vvith these processes or fibres 


( Apertures close, conspieiioiis, yellow speclded with red. 

comata, Am. (N.VV.Eur.) 

Apertures distant, inconspicuous, dark brown colour. 

P. niolgic!oi(lei>, Herclni. (Austr.) 


(' Individuals Tery small, like pellets of sand. 

P.pMa,IIcrdm. (S. All.) 

I Individuals not small 


20 

21 


24 


f Test liaving processo.s for attachment ; tentacles l{)-20. 

24 ■ 1\ scMom, Heller. (Med) 

[No processes of test for attachment pre.sent 25 

2 ^ f Atrial aperture at anterior end ... P. tinefor, Q,. & G. (Austr.) 

[Atrial aperture at posterior end... P. Stinqmni, Heller, (Austr.) 

jQ / Dorsal lamina a plain membrane 2(5 

[ Dorsal lamina not a plain membrane 27 


{ Dorsal lamina ribbed only in the anterior part. 

P. oaptwscc, Sluit. (Mai.) 

Dorsal lamina with partial ribs along the entire length. 

P. /omosa, Herdm. (N. Atl.) 


20 f Tentacles numerous, 60 or more 25 

\ Tentacles not numerous, 40 or less 20 


{ Dorsal tubercle irregularly horsesboe-sbapecl, one horn turned out. 

P. riKjosa, y. Dr. (S. Atl.) 

Dorsal tubercle nearly circular, horns turned in. 

l\‘pomana, Say. (N.W. Eur.) 

f Body free, covered with sand, &c 

[ Body attached, test exposed or only partially incrusted 51 

('Surface smooth, regular, line sand grains; colour yellow-brown. 

QQ J ^ P. CifrAc, lierdm. (N. Ail) 

j Surface I'ongb, irregular, stones &c. attached ; colour dull yellow. 

I Test cartilaginous, with bladder-cells. 

] P- amd/o/des, n. sp. (Austr.) 

( Test not cartilaginous, no bladder-cells 52 

n.') f Test quite black no 

Test not black 54 

1 Fixed by shaggy fibres, foreign matter attached. 

obii(‘in% Heller. (Austr.) 

Test with no fibres, surface free from foreign matter. 

I* > crpptocar})a, ^hnt (Mai.) 
f Body discoid, flattened antero-posteriorly, tentacles 1 6. 

_ P. discoidea, Heller. (Med.) 

[ Body not flattened antero-posteriorly., 5.5 

J Surface nearly smooth 50 

" [ Su rface irregular and crumpled, or mamillated T. 1 57 

56 1 M-like p. tumida, Heller, (W. Ind.) 

[ Shape not ball-like * 38 

gg /Posterior end, narrow 35 

[ Posterior end broad and rounded I....!!.]!!!!*.*.*]"*,!!'*.!!!!'.!*! 40 
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40 


00 


41 


Alimentary canal forms a very wide loop, open dorsally. 

V, patens^ (Sluit. (Mai.) 

Alimentary canal not forming a wide loop. 

P. Raddoni, n. sp. (Austr.) 

, Colour dark, though not black ... P. nehulosa, IlelkM'. (Austr.) 

( Colour light, yellowish or greyish whi(.o 

Anus fringed, stomach ovate P. argoams, llerdin. (N.W* Eiir.) 

Anus not fringed, stomach elliptical. 

P. grac llis, Hell er. ( Med . ) 


f Test tough and leathery 

* [ Test soft, may be thick 

( Dorsal tubercle spongy and irregular. 

4^3 P. sulcata, Ilerdm. (Atal.) 

[ Doi’sal tubercle not spongy, normal 

I Dorsal tubercle circular in outline. P mollis, Heller, (?) 

44 j Dorsal tubercle irregularly S“shapcd, 

[ P. elongafa,Ti.^‘^. (Austr.) 

^2 r Tentacles all one length P. rigida, Herdm. (Austr.) 

I Tentacles of dilfcrent lengths 

f Afeshes divided by a horiiiontal vessel 

\ Aleshes not divided horizontally 

[ Stigmata 0-8 in a mesh 

[ Stigmata 10-12 in a mesh P, Jkissi, llerclin. (Austr.) 


f Test thick and tough 

[Test thin P. torresiana, n. sp. (Austr.) 

f Colour dirly yellowish white P. irregularis, Herdm. (’Mai.) 

[ Colour dark purplish brown 

j Inner surface of mantle with mimito brown pigment-spois. 

^0 I P. cenea, n. sp. (.Vustr.) 

Inner surface of mantle without pigincnt-spots. 

I P. fulvu; n. sp. (Austr.) 


/'Siphons prominent and conspicuous 

[ Siphons not prominen fc or conspicuous 

[ Test thin ; stigmata 7-8 in a mesh. P. Magerl, Trausfc. (Bled.) 

51 Teat thick and opaque ; stigmata 3 in a mesh. 

I P. aspera, Herdm, (S. All.) 

ro / Body cylindrical, colour red ...... P. rustka, Linn. (IS.W. Bur.) 

[ Body not cylindrical, colour brownish 

f Inner surface of test pearly grey'-white ; stigmata 10 ~-12 in a mesh, 
f... 1 " P. varians, IIAler. (Med.) 

' Inner surface of te.st light brown, with dark speck.s ; stigm<‘ita< 7-0 in a 
[ mesh P.fastigata, n. sp. (Austr.) 


41 


42 

43 


44 


45 

43 

47 

48 


49 


50 


51 

re> 


53 


The following species of Cynthildie have been so insiiTiciciitly 
(lesiTibcd that it is impossible to say with certainty which genera 
tlu?y belong to : — 

Oipithia quadrangidims, Forb. (N.W. Eur.) 

U. iv/orutk, Forb, (ISi.W. Bur.) 

€, imavina, Forb. (N.W. Ear.) [? Forhmlh.] 

C. HinnmiUaris, Ikill.rs. (N.W. Eur.) 

CL aiugulla/Dxwg. (N.W, Eur., Aled.) 

42 '^'' 
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C. tuherosa ^ , Alaeg. (N.W. Eui*., Ated.) 

C. sahdosa, Stimp«. (AiihU*.) [StyeUutx3.] 
O.jifidMci} Sfciinps. (Jyj. N. Am.) 

C, ovaiis. (?) 

C. tilolacea, Aid. (N.W, Eur.) 

C. coriaeea, Aid. & Hanc. (N. W. Eur. ) 
a sidoatida; Aid. (N.W. Ear.) 

C, gmnulata, Aid. (N.W. Eur.) 

C. mmioeeros, Moll. (E. N. Am.) 

C, carjieii, Ag. (E. N. Am.) 
a stcdlfcra, Verr. (E. N. Am.) 

C, fuhhclla^ Yerr. (E. N. Am.) 

C. o'paiina, Aid, (N.W. Eur.) 

0. (jlacialis. (?) 

C tmgidam, Sfcimps. (S. All.) 

C. Icsvkdma^ Stiinps. (Austr.) [Oyntliiinm.] 

0. (l/m7io.m, (Austr.) [OytitliimuJ .] 

C. satmmensis, Stiraps. (eTapan.) 

€, ddlcatiila, Stimps. (? Japan.) 

0, ocellifera^ Stimps. (China.) 

0. gemmata^ Stimps. (China.) 

C. araneosa, Stiinps. (China.) • 

0. S.) {Microcosm'us ?] 

C. Tosca, Aid. (N.W. Eur.) 

Stgcia fupay Heller. (S. Atl.) 

B, areolatcit Heller. (Ind. 0.) 

8, Uneafa, Beck. (Arct.) 

8, va7dahiiis, (?) 

S.fibrillata. (?) 


Family IIL ASCIDIIDiE, Rerdman, 1880, 

Body attached , usually sessilcj rarely ped uiiculatcd. Brancbial 
aperture usually 8-lobed, atrial usually G4uhed. 

Test gelatinous or eartiJagiuous, rarely chitiiiaceous or horny. 

Branchial sac without folds. Internal longitudinal bars pre- 
sent and usually papillated. Stigmata straight or curved. 

Tentacles simple, filiform. 

Alimentary canal either at one vSide of the branchial sac (usually 
the left) or extending beyond it posteriorly. 

Gonads placed close to the intestine. 

There are four subfamilies— the Corellina), the riypobythiiiuB, 
4ie Ascidiinae, and the Cioninae, 


* This species is described as having 0 folds on each side of the brancbial 
sac, andAlmple tentacles. 
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Subfamily CoBEELiKiE, Ilenlman^ 1882« 

Body attaclied, sessile or poduuculated. Branchial aperture 
with 85 6, or no lobes. 

Test cartilaginous, gelatinous or liorny. 

Branchial sac provided with internal longitudinal bars. Stig- 
mata curved. 

Alimentary canal usually on right side or dorsal edge of 
branchial sac. 

This subfamily contains 3 genera which may bo separated as 
follows : — 

f Teat inoclifiecl to form horny (olniinnceoua) pkitos ... Chelyosoma. 


Test soft unci gekitinous or curtilagiuous 1 

Eody sessile n viscera on right side of branchial sac Corella. 


1 j Body pedunculated j viscera 011 dorsal edge of brand lial sac. 

[ Corynascidia. 


CirEUYOSOMA, Brod. Soio,, 1829. 

Body flattened aiitero-posteriorly, depressed and attached. 
Branchial and atrial apertures both 6-lobed. 

Test modified on the upper surface to form polygonal horny 
plates, definite in shape and position. 

Branchial sac with curved stigmata. 

Dorsal lamina represented by langucts. 

Alimentary canal on left side of branchial sac. 

Gonads forming a network over the intestinal loop. 

There are two known species : — 

Witli the test of the upper surface divided into 8 plates. 

0, Muckayanim, Brod. & 8ow. (Afcl., Arct., Pac.) 

With the test of the upper surface divided into 14 phdos, 

C, prodiictmn^ fcjliinps. (N. Pac.) 

ConyNASCiniA, Ilerdman^ 1882. 

Body elongated, pyriform, pedunculated. Apoi'turea not 
lobed. 

Test gelatinous or membranous. 

Branchial sac extremely delicate. Internal longitudinal bars 
present, but not provided with papilhe. Interstigmatic vessels 
and stigmata coiled spirally. 

Dorsal lamina represented by languets. 

Tentacles simple, filiform. 

Almentary canal on dorsal edge of brancliail sae, ninning 
antero-postcrioiiy. 

forming a mass placed ou tlie posterior end of stomach* 
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Tills genus contains the single ‘ Challenger ’ species;^^^ Cory- 
cldia Stilimiy Herdinau, of which specimens were obtained in the 
South Pacific from a depth of 2160 fms., and in the Antarctic 
from a depth of 1375 fms* 

OoEELLA, Alder ^ Hancock^ 1870. 

'Body attached, occasionally free, sessile. Branchial aperture 
Sdobed, atrial 6-lobed. 

Ted gelatinous or cartilaginous, hut soft and semitransparent. 

Branchial me with no papiJJ^e on its internal longitudinal bars. 
Stigmata curved and placed in the walls of regularly arranged 
infundibula ; interstigmatie vessels spirally coiled. 

Dorsal lamina represented by languets. 

Tentacles simple. 

Alimentary canal on the right side of the branchial sac. 

Gonads forming a network round the median part of the in- 
testine. 

The species of Gorella are as follows : — 


f Atrial aperture anterior 1 

I Atrial aperture dorsal 2 

(■ Atrial aperture placed on a very long projection. 

\ ^ C. tarva'formis, Ilaiic. (N.W. Eur.) 

[ Atrial apertiu’e sessile, or on a short siphon S 


I Musculature strong on left side... C.parallclogramma^ O.E.M. (N.\¥. 

3 ■ Musculature vejy ^veak on both sides. [Eur., Med.) 

[ C. mbmfa, Traiist. (W. lud.) 

('Anterior end wide, atrial apertme not far from branchial. 

2 , C, oiufa, Ihaic. (N.W. Eur.) 

[ Anterior end narrow, atrial aperture distant from branchial 4 

^ [ Tentacles of more than one size 5 

^ I Teniaek'S all of one size C.^aponha, Hcrdm. (Pao., Mai.) 

^ / Ten tildes aO 0 

[ Tentacles over lUO C. nveane, v. Dr. (Ind. 0.) 

I Tentacles of 2 sizes, dorsal tubercle liorseaboe-shaped. 

Cl viunyota, Trunst. (S. Atl.) 

Tentacles of 3 sizes, dorsal tubercle semilunar. 

(J. borealis, Traust. (Arct.) 

Subfamily HxPOBxa'niiis'iE, IlerdmaUj 18S2. 

Body pedunculated, fixed. Apertures not lobed. 

Test gelatinous or cartilaginous. 

BrancJual sac with no internal longitudinal bars. Stigmata 
small and irregular. 

Viscera on dorsal edge of branchial sac. 

This group contains the single genus Eypobyilms. 
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Htpobitiiitjs, IIo8eley^ 1876 [& Ile^'dman^ 1882], 

Body cup-sLaped or pyriform, pedunculated, attacdied. Aper- 
tures circular, not lobed. 

lest cartilaginous, but soft and tliin, tbicbened in places to 
form plates. 

Branchial sac not folded, and witli no internal longitudinal 
bars. Stigmata small, rounded, and irregularly placed. 

Dorsal lamina a plain membrane. 

Viscera forming a compact elongated mass on the dorsal edge 
of the branchial sac. 

This remarkable deep-sea genus contains two species, obtained 
during the * Challenger ’ Expedition from depiths of 2900 and 
GOO fms. : — 

Body on a long pedunclo ; test thickened to form many rounded 
nodules or plates R, calijcodcs^ Mos. (N. Pac.) 

Body on a sliort peduncle; test only thickened to (brtn a single 
plate on dorsal edge li. Moi<dey% Xlcrdm. (8, Atl.) 


Subfamily AsciniiNiE, Denlnum^ 1882. 

Body usually attached by left side or posterior end. Erancliial 
aperture with at least 8 lobes ; atrial witli at least 0 lobes. 

Test gelatinous or cartilaginous. 

Mantle with the musculature forming an irregular network, 
which is strongest on the right side. 

Viscera on the left side of the branchial sac. 

Branchial sac provided with internal longitudinal bars* Stig- 
mata straight. 

Dorsal lamina usually a pdain membrane, rarely languets 
{Ahyssascidia). 

This subfamily coii tains 5 genera, as follows: — 


f Dorsal lamina present as a membrane 1 

\ Dorsal lamina represented by langucls Abjrssascidia. 

^ f Branebial sac recurved posteriorly Phallusia. 

I Branchial sac straight 2 

c, f Nerve-ganglion close to dorsal tubercle.' ilscidiella. 

^ \ Q-anglion distant from dorsal tubercle 3 

« f Test very hard, thick and stiff PachycM^na. 

\Test soft andllexible Ascidia, 


Phallxjsia (Sav*, 1816), Boule^ 1881', 
Body erect, attached. 

Test cartilaginous. 
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Branchial sac with its posterior part recurved upon itself. 

If erve- ganglion and neural gland distant from tlie dorsal 
tubercle. 

Dorsal lamina extending behind the oesophageal aperture. 

Menal concretions always enclosed in the intestinal wall, and 
never extending into the mantle. 

This contains the single well-known species P. mammillata^ 
Cnv* (N.W. Eur., Med.). 

Asoidiella, Houle, 18S4. 

Bolj attached by posterior end or left side, not incrusted 
with sand. Branchial and atrial apertures not far distant. 

Branchial sac with no intermediate papilUe on the internal 
longitudinal bars ; not folded on itself posteriorly. Transverse 
vessels of two sizes, placed alternately. 

Iferve-ganglion and subneural gland placed close behind the 
dorsal tubercle. 

Dorsal lamina not continued ])osterior to the oesophageal 
aperture. 

Benal concretions extending into the left side of the mantle 
as well as the intestinal wall. 

The known species of Ascidiella^ may be separated as follows : — 

/Branclikl sac with papilEii 1 

[ No papillffi in bninchialsac 2 

( With a Yery wide open intestinal loop. 

A, arvhala, Sluit. (Mai.) 

With the usual narrow intestinal loop. 

A. venom, O.F.M. (N.W.Eur., Med.) 


f Fixed by a posteriorly placed peduncle. 

*! A. hUafia, Koido, (Med.) 

[ Not fixed by a posterior pedumde Z 

TBody triangular, wide posteriorly, narrow anteriorly. 
i A, triangularis, Ilerdin. (N.W. Bur.) 

[ Body nearly cylindrical or ellipsoidal 4 

f Dorsal lamina with a plain edge. 

] ■ A. virgima t, O. F. M. (N.W. B., Med.) 

1 Dorsal lamina with the edge toothed or irregular 5 


* Some of the older species of Ascidh which have not been re-in Ycstiga ted 
lately may belong to this genus. I place here provisionally the remarkable 
Ascidk arokaia described lately by Sluiter from the Malay Archipelago. The 
position of the ganglion is not known. *^l%allu$ta scabroidesf’ named by Ed. 
T#a Beneden and Julin, but not yet sufficiently described, appears to belong to 
this' genus. 

t The Ascidia sordida of Alder & Hancock. 
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f Attacbccl by small area at posterior end, lobes of buccal sij^lion den- 
I ticulated, stigniiita 5 in a mesh. 

5 ^ A. aspersa 0. F. M. (N. W. Eur. & Mod.) 

I Attached by largo area on left side, bumil lobes rounded, stigmata 
12 in a mesh A, ^oabra, 0. F. M. (N.W. Eur. A Med.) 


Asgidia, Zinn., 1767. 

attached, sessile, rarelj pedunculated ; free or iiieiaisted 
with sand. Branchial and atrial apertures not close together ; 
hraiicliial 8-lobccl, atrial 6-lohed f. 

Tesi cartilaginous or membranous, soft or hard, usually crowded 


with large bladder-cells. 

Zranchial mo not folded on itself posteriorly ; sometimes 
minutely plicated. The internal longitudinal bars usually bear 
papillse. The stigmata are straight ; three smaller iTansverse 
vessels between each pair of larger. 

Nerve- ganglion and snbneural gland distant from the dorsal 
tubercle. 

JDo^'sal lamina a siinjde membrane which may be transversely 
ribbed and have marginal teeth, or may be perfectly plain. It is 
continued behind the oesophageal aperture. 

Tentacles simple. 

Alimeniarij canal on the left side of the branchial sac. 

Gonath iu the intestinal loop. 

Menal concretions ahvays contained in the intestinal wall, 
never extending into mantle. 


f Test completely mveslcd with sand 1 

[ Te.st not completely inve.sted with sand 2 

f Siphons short A. conoMIega^ 0, F. M. (N. W. Eur.) 

■ I Siphons wy long A. involiiU^ Heller. (Med.) 

Two individuals ahvays found together in a common test, 

A. dhplozoon.^ Shut. (Mai.) 

Individuals occurring separately........ 3 

. [ B ranchial sac not plicated 4 

I Branchial sac minutely plicated * . . 5 

, r Stigmata exceeding 7 in a mesh. A,l?(tionii Ilordm. (N.W. Ear.) 

I Stigmata lcs.s than 7 in a mesh ■ (> 

7 

8 


. f Tentacles luiiiierous, about CO 

* \ Tentacles not numerous, about 40 . 


- f Borsal lamina with plain edge, very slight ribs 0 

\ Borsal lamina with toothed edge and distinct transverse ribs 10 

r Stomach o vate or globular 1 1 

10 j Stomach elongated and sausage-shaped. 


•A. dijmpkmmia, Traust. (Aret.) 


^ Including Amdia pnstulosa, Aid. & Hanc. 

t Sluiter has just described a species, Astidia decemplex^ from tho Malay 
Archipelago, with ten lobes round each aperture* 
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11 


Dorsill tubercle very small. 

J. Salvcdoris'^, Traust. (Med.) 

1 Dorsal tubercle largo...... Traust. (ArcL.) 

[ Transverse vessels alternately large and snmll. 

9 • A. tritonw, Herdm. (N. Atl.) 

[ Transverse vessels all much same size 

r Traiisvej‘se vessels slender, apertures both anterior, 

I A. vi/Undmcca, Hcrdiu. (Austr.) 

■“ 1 Transverse vessels wide, atrial aperture some way back. 

[ A, nodosa, Sluit. (Mai.) 

r Intermediate papillm present. 

8 j A. tenera, Herdm. (S, Atl. & Mag.) 

[ JS^o intermediate papillae present 

Eocly very much elongated, siphons conspicuous. 

A. ciirvafa, Traust. (W. Ind.) 

Body not elongated, siphons inconspicuous 


12 


13 


, 4 f Tentacles 20-25 A. despecta, Herdm. (A. Arct.) 

[ Tentacles 35-40. , 


['Dorsal tubercle simple, JJ -shaped. 

1^1 A. Hordm. (N.M’'. Ear.) 

1 Dorsal tubercle borsesboo-sbaped. 

( Herdm. (N. Atl.) 


- f Plication of the branchial sae very slight 
[ Plication strongly marked 


13 

14 

15 


16 

17 


( Apertures both near centre of upper surface. 

J A. Heller. (Med.) 

I Apertures not in centre, but at dorsal edge. 

[ A. muricata, Heller. (Med.) 

r Surface covered with short hairs. 

17 j A. Sluit. (Mai.) 

Surface free from hairs 


f' No papillm on internal longitudinal bars. 

IS , ^ A. patuh(, 0. F. M. (N. W. Eur.) 

[ With internal longitudinal bars papilluted 


.jq fBody erect, attached by small area posteriorly 

\ Body recumbent, attaciied by greater part of left side . 


f Prebranchial zone with papillae 

[ Prebranchial zone not papilluted 

{ Papilim of prebranchial zone very largo. 

22- A. mdanosfoma, Bliiit (Mai.) 

[ PapilUe small A. pricmm, O. F. AI. (N.W. ,Kur. & Med.) 

/ Tentacles numerous, 60 or more 

" \ Ten tades not nun^ eru us, 25 to 35 


24 


iTest very dark coloured 
Test not of a dark colour. 


26 


/ Intermediate papillm on the internal longitudinal bars. 

A. mpra, Sav. (All., Red S.) 
No intermediate papilliB on the bars. 

A, atm, Les. (W.Ind.) 

f Body free, not attached 

^ \ Body attached 


18 


19 

20 
21 
22 
23 


24 

25 

26 
27 


28 

29 


* This is the A. ohlonga of Traustedt’s former paper, 
t this may possibly be the young of some other species. 
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r Dorsal tubercle irregular, aperture broken up into 4 distinct sections. 
<r)g I A. liUrata^ yiuit. (Mai.) 

Dorsal tubercle normal, aperture not broken up. 

[ A. limosa, Sliiit. (Mai.) 

20 r Dody pear-shaped A. if o7'mtis, liar dm. (Austr.) 

( Body nob pear-shaped 

20 f Dorsal tubei*cle seniiliinar in shape 

\ Dorsal tubercle not semilunar 

r Test transparent A. ^‘l^^doides, Ti'iiust. (W. Ind.) 

31 ' Test thick and soft, not ti'anspareut. 

[ A. mencUonalis, Herdin. (S. All.) 

I' Atrial aperture not more than 4- way down body. 

I C7W/co/^m, Herdin. (A.Arct.) 

xUrial aperture more than way down body. 

L A. onantida 0. D. M. (N.AV. Eur. A Med.) 

( Dorsal tubercle longer autero-posteriorly than laterally 

[ Dorsal tubercle longer laterally than antero-posteriurly 

f Dorsal tubercle heurt-shaped- 

I A, trmicata, Ilerdrn. (N.W. Ear.) 

^ Dorsal tubercle serpentiform. 

t yl.t ramhwida 1*, Herd in . ( A. xV ret. ) 

22 f Stigmata 2-G in a mesh... A.f'Us}foriiiis\^ Herdm. (N.W. Ear.) 

I Stigmata t>~8 in a nicsh., 


30 

31 

32 


33 

34 


('Teat soft, easily torn; stigmata long and nari*ow. 

^2 I Herdm. (A.Arct.) 

1 Test not soft; stigmata rather short. 

[ A. lata, Herdin. (N.W. Eur.) 

f Body partly incriiated with sand, &c 

\ Body not inorusted with sand . 


35 


37 


38 

31 ) 


( Body of a dull green colour, tentacles about 70. 

A. pleljda, AU\. (N.W. Eur. & Mod.) 

Body not of a green tint, tentacles 10-15. 

A. mudata, Heller. (S. Atl.) 

37 I lamina with a plain edge 

\ Edge of dorsal lamina not plain 

r Test thick, cartilaginous, opaque, but with no adliering prolongations, 
oo I H. (jaudrafa, Tramst. (Med.) 

j Test rather thin and transparent, with prolongations round the area 
( of attachment 40 

r Siphons long, conspicuous ; tentacles GO. 

40 I A. canal'Wiilata, Heller. (S. Ail. &, Mai.) 

1 Siphons short, wart-liko, inconspicuous ; tentncles 40“-5(). 
b A.jyrodrala, Heller. (W. Ind.) 

w. J Test very dark coloured... J.fumi^atUfQTuho. (Med., N.W. Eur.) 

^ \ Not of a dark colour...,. 41 

I No dorsal tubercle, noimal gland opening into atrium. 

41 • A. Mamni, Eoulo. (Mod.) 

[ Dorsal tubercle present, with neural gland opening on it 43 


* The miiuber of tentados in this .species Beems variable. Asaklia inoramlM^ 
Heller, also comes in here, but cannot readily be distinguished from the do- 
soription. 

t Sluiter has just described a new species from the Malay Archipelago under 
this name “ tranducida'' It is, however, quite distinct from the ‘ Challenger * 
sj^ecies, and will require to be renamed. 

J The A, OlrikU of Traustedt (1883), described by him in 1880 under the 
name of A. mcntula^ seems indistinguishable from this species. 
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( Body 4 or 5 times longer Ilian broad. 

42 • A. elovr/aia, Eoiile, (Med.) 


I Body not much longer than broad 43 

/ Appearance porce.lahi-like 44 

[Not porcelain-like 45 


r Mantle blue, test cartilaginous and smooth. 

^4 J A. arac/moidaa, Eorb. (Mod. & N.W, Bur.) 

j Mantle milk-xvhite, test warty and fibrous. 


[ A. inc/eTkc, Traust. (Med.) 

r Stigmata 1 large and 2 small, or 4 small in a mesh. 

45 j A. Jai-neides, SI. (Mai.) 

I Stigmata not so arranged 4G 

f Test containing a remarkable abundance of branched vessels. 

46 j A. Heller. (Med.) 

[ Test with no remarkable development of vessels 47 

Arj r Dorsal tubercle horseshoe-shaped 48 

[ Dorsal tubercle not horseshoe-shaped., 49 

r Apertures far apart, test thickish, dorsal tubercle rounded. 


J A, deprcmuseula, Heller. (Ind. 0.) 

I Apertures not far apart, test not thick, dorsal tubercle cordate, 

[ A. ohliqua t, Aid. (N.W. Eur . & Med.) 


/ Branchial sac with intennediate papillm 50 

[ Branchial sac with no intermediate papillae 5i 

r Stigmata short, 4 or 5 in a mesh. 


gQ J A. depressa, Aid. (N.W. Eur., ? Med.) 

I Stigmata long, 10 in a mesh. 

h A. Jioream, Traust. (Pac.) 

f Transverse vessels of 3 sizes 52 

^ [ Transverse vessels not of 3 sizes 53 

TBody thrice as long as broad, siphons very long. 

^ 2 ] A. Ion cfituh is, Tmust. (W. Ind.) 

Body almost as broad as long, siphons not very long. 

[ A. Traust. (Med.) 

r Test rather thick and smooth 54 

53 •{ Test rather tbin and wrinkled. 

( A. malaca, Traust. (Med.) 

r Colour yellow-grey, tentacles 40-50. 

1 A. inUrmpta, Heller. ("VY, Ind.) 

j Colour milk-white, tentacles 60-70. 

[ A. hpgomima, Traust. (W. Ind.) 

The following species of Ascidia J are not sufficiently charac- 
terized to be put in the table. Some are probably synonyms 
of well-known species, others may be distinct species, but recpiiro 
further examination and redescription ; a few probably do not 
belong to this genus : — 

^ A. vasciUosa, Ilcrdm, (from Eergiielen), has also numerous vossels in th© 
test, but as only the test is known I have excluded the species. 

t A.pelhcuU, Aid. & llano., comes close to this, and as no details are known 
in regard to its internal structure it cannot be separated from A. ohliqim, 
t Wagner’s Egalomma singulare, from the ’White Sea (not HyaJonema, as 
misquoted by Traustedt), seems to me to be merely a young specimen of an 
Ascidia, ' 
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Ascidia opalim, MacGill. (N,W. Eur.) 

A. orbicularis, O. F. Mlill. (N.W. Eur.) 

A, complamtta, Fabr. (N. Atl.) [Also A, complanata, Y err.] 
A. vitrea, v. Hen. (N.W. Eur.) 

A. cavernosa, Los, (W. Incl.) 

A, alheola, Les. (W. Iiid.) 

A. nmltiforniis, Les. (W. Ind.) [? Molgulicloe.] 

A. variabilis, Les. (W. Ind.) [? Oyntliiidio.] 

A. 0 vails, Les. (?) 

A, p7'olmcidea, Les, ("W. Ind.) 

A. loblfera, (W. Ind. ?) 

A. sydneic7isis, Stiinps, (Austr.) 

A. suocida, Stimps. (Austr.) 

A. tulrifcra, Stiinps. (China.) 

A, cafcaki, Stimps. (Jap.) 

A, rudlsf, Aid. (N.W, Eur., Med.) 

A, albida, Aid. & Hanc. (N.W. Eur.) 

A. clU'ptiea, Aid. & Ilaiic. (N.W. Ear.) 

A, peUucida, Aid. & TIanc. (N.W. Eur.) 

A, ajfinis, Aid. & Ilanc. (N.W. Eur.) 

A. mollis, Aid. & Ilanc, (N.W. Eur.) [Also A. mollis, Vorr.] 
A. Normani, Aid. & Hanc. (N.W. Eur.) 

A, plana, Hanc. (N.W. Eur.) 

A. Aideri, Ilanc. (N.W. Eur.) 

A, Tuhro-tincta, Hanc. (N.W. Eur.) 

A. ruhlvwida, llano. (N.W. Eur.) 

A. rohusia, Hanc. (N.W. Eur.) 

A. crassa, Ilanc. (N.W. Eur.) 

A. inormta, llano. (N.W. Eur.) 

A, prodmia, Hanc, , (N.W. Eur.) 

A, elongata, Aid, & Ilanc. (N.W, Ear.) 

A, eomcea, llellor, (Mod.) 

A. verrucosa, Iltdler. (Med.) 

A, rubescens, Heller, (Med.) 

A. iSuensonu, Traiist. (Pac.) 

A, capsicum, Costa. (Mod.) 

Thallusia sulcata, Sav. (Med.) 

Ph. chvlgera, Otto. (Med.) 

Ph. clava, Bisso, (Med.) 

Ph, hulothufioides, Bisso. (Med.) 

Pk. livida, Bdsso. (Med.) 

Ph, hiformis, Phil. (Med.) 


^ Lesueur also gives a list of oO species of Ascidia (names only), chielly from 
the Pacific, none of which are now known (see Joiini, Philad. Acad. N. S. 
vol. Hi. p. S, April 1825). 

t This, and a number of the following species of Alder and Hancock, may 
Tery likely bo good species, but ilioy retiuire redescription. 

Througli the kindness of Canon Noriiian I haye been enabled to oxaniino tho 
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PACiircnPiEN'i, Jlerdman^ 1880, 

Body atfcacliecl, sessile. BrancHal aperture 84obod, atrial 

6-lol)ecl. .... ... 

Bes^ cartilaginous — or touglier, like iiidia-riibbor-— very tliickj 

solid and opaque. 

Branchial sac Ion gituclio ally plicated. Internal longitudinal 
bars bearing large papilloe at the angles of tlic meslies. Stigmata 
straight. 

Dorsal lam ina in the form of a membrane. 

Tentacles simple. 

Alimentary canal large, placed on the left side of the branchial 
sae. 

Three species are distinguished from the species of AscuUa 
by their remarkably thick and rigid tests : — 

{ Dorsal lamina not toothed at the margin. 

P. gk/antea, Ilerdin, (S. Atl.) 

Dorsal lamina strongly toothed at the margin 1 

[ Trans, vessels in branchial sac of two sizes, placed alternately ; papilla) 

not lobed., P, Herdm. (Austr.) 

Trans, vessels all one size ; i^apilke Lohed. 

IK ohesa^ Ilerdrn. (Austr.) 

Abyssascidia, Herdman ^ 1880 . 

Body oblong, attached by ventral surface. Branchial aperture 
with from S to 12 lobes, atrial with from 6 to 8 lobes. Apertures 
far apart. 

Test soft, cartilaginous, and transparent. 

Mantle thin. Muscle-bands chiefly on one side, irregular and 
feeble. 

Branchial sac very delicate, not longiludinally plicated. 8Hg- 
niata straight. 

typo specimens of soine of Alder and naticocli^H species winch are in liis cob 
leoti-on, and I hope in time to bo Jiblo to oxiunino tiie rest,, and perhaps to re- 
cstablisli or clear up the synonymy of some of the ht tlcdvnown or douhU'ul 
fonas. Dr. Norman lias drawn up for me the following paragraph <rx{>laual nry 
of the very meagre published descriptions of fchoa])eciosmuned Uk^ho excellent 
kiyosli gators 

is much to be regretted that an important w'ork on British Tnnseala hj 
Messrs. Alder and Hanecyck, to the prepaixition of which many years had been 
(ievotecl, and which at the time of their death was nearly ready for publication, 
has never been printed. No doubt in some respects the anatomical and phy- 
siological results may have been partially at any rate anticipated, but Albany 
Kaixcock’s researches were always so thorough tlmt it cannot be doubted that 
they wotild dispose much of great value, while more detailed specifiodescriptions 
of the species brietly described by these authors are absolutely noccsstiry for their 
poaitire identification.’^ 
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Dorsal lamina represented by languets, wliicli may be united 
by a narrow membrane. 

Tentacles simple, filiform. 

Viscera on eitlier right or left side of branchial sac. Intestine 
small, posterior to the oesophagus and stomach, and forming a 
loop open dorsally. Stomach short and wide. 

Gonads forming a round mass situated on the intestinal loop. 

This genus is the aberrant member of the subfamily. It is 
iuterinediate in its characters between Ascidia and Oorella. It 
contains the two ‘ Challenger ’ species Ah^ssascidia Wijvillih 
Herdman, obtained from the south of Australia, at a depth of 2GOO 
fathoms, and Ahyssascidia vasculosa, Herdman, obtained in the 
Antarctic south-west of Australia, from a depth of 1950 fathoms. 
They differ, amongst other points, in the following : — 

Apertures 12- and 8-lobed, languets separate, Tiseera on 
right side A. w^vUliL 

Apertures 8- and 6-lobed, languets united by membrane, 

Tiscera on left side A. vascidosa. 

Subfamily 0 i o n i n iE, Motile, 1884. 

Dodi/ more or less cylindrical, attached by posterior end. 

Ihst thin and gelatinous, may be inodifed anteriorly to form a 
lobe covering the apertures. 

Mantle with the musculature mainly longitudinal. 

Branchial sac provided with internal longitudinal bars. Stig- 
mata straight. 

Dorsal lamina represented by languets. 

Alimentanj canal on left side of branchial sac, extending poB- 
teriorly to it. 

I use this subfamily in a somewhat different sense from that 
proposed by Eoule. Keeping Giona as the typical form, I remove 
lihopalma to the family Clavelinidte, and I substitute iu its place 
llhocUsoma, which seems to me to have more afinitj with Ckua 
than with Ascidia* 

The two genera are as follows : — 

Test inodiliGd anteriorly to form an operculum corering the aper- 
tiires Rhodosotna. 

Test not iiiodihcd Cioiia. 

V, Euodosoma Dhrenber^i 1828. 

\od^ cubical or cylindrical, attached, truncated anteriorly. 

Sm is the of Lacaise-Duthiers (1805), the SAitascns of Stimp- 

the Pera (not rera, of 8tiru,pson) and I^crotdcs of Macdoiiald. 
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Test folded at tlie anterior end, so as to form an operculum 
covering the apertures. The test is hard and eartilagiaous* 
Branchial sac with the stigmata large and straight. 

Dorsal lamina represented by a series of laiigucts. 

. Alimentarij canal on right side of branchial sac. 

Gonads forming a network round the median part of the 
intestine. ’ 

There are two distinct species known * 

The dorsal tubercle simple, keyhole-shaped. B. calUme, Lac.-Duth. (Med.) 
The dorsal tubercle horseshoe-shaped iibjjy.w, Trauat. (W. Iml.) 

Three other (?) species — B, seminudum^ Holler (\?". Ind.), 
B, ^ellucidum^ Sfcimps. (China), and B, pajnllosum, Stirnps. 
(China) — require re-examination. 


CiOKA^‘ {Savigny^ 1816), Fleming^ 1828. 

Body cylindrical, attached. Apertures anterior, not distant. 
Test gelatinous or membranous. 

Mantle with the , musculature well developed on both sides, 
forming a few well-marked longitudinal bauds. 

Branchial sac with the stigmata straight. 

Dorsal lamina represented by a series of languets,’ 
JSferve-gangUon and neural gland placed close behind the dorsal 
tubercle. 

Alimentary canal extending behind the branchial sac. 

Gonads placed on the left side in the intestinal loop. 


3 


Animals attached in groups by iuiorlocking of villi from posterior cud 

of lest fasdciilaru^ \hmK\ (N.W. Eiir.) 

Animals separate, solitary I 

r Body fixed by the whole of left, side {Plmruchna^ lioulc). 

6'. Mwanki, Roulo. (Meil) 

[ Body fixed by posterior end or a part of left side 2 

Transverse vessels all the same sizio, mcslics not divided 

(it BlemimA Herclm. (N, Ml) 

Transverse vessels of two different, sizes, inCBlies divided iiorizou tally.. 

I' Test rough with sharp-pointed projections. 

6'. Herdm. («Tap,) 

[ Test smooth, no projections on test 


r Tised by posterior end and short processes of test, siphons unequal . . . 
di'ixed by part of left side, not posterior, siphons equal, 

C. Savig^hU, Herdm, (Jap., Med.) 
f Colour brown, mantle vermilion. . . O.camm^ O.F.M. (N.W. Eur.) 

5 •< Colour yellow-green or light grey, mantle same. [Austr.) , 

I 0. intestindis, L, (K. W. Eur, , Med, 

The following insufficiently characterized species prob 

* Including P^mrO(?ec/«a, Roule. 


3 

4 > 

r- 
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belong to Glona^ and may, some of tbem, be syaonyms of (7. wato- 
tinalis : — 

Ascidia virescens, Bruguiere. (N.W. Ear.) 

A. cormgata, 0, F. MiUler. (if.W, Eur.) 

A, ocellata, Agassiz. (E. jS". Am.) 

A, tenella, fe'timpsou. (E, N. Am.) 

A. fidchella, Alder, (JT.W. Ear.) 

Alina meridiomlis, Bisso (Med.), may be a Ciona, or possibly a Clayelinld. 

]?amily lY. CLA.YELI]SriDiE, Forhes, 1S53. 

Bod}/ attaclied by tbe posterior end, and usually by means of 
a peduncle, to a creeping basal stolon or common stolonial mass 
from wbicli young ascidiozooids are formed by geinmation. 

Test gelatinous, rarely cartilaginous, usually thin and trans- 
parent. Apertures circular, very rarely distinctly lobed. 

Bmmkial sac not folded, often without internal longitudinal 
bars. Tlie bars, if present, have no papillae. The stigmata are 
straight. 

Dorsal lamina represented by languets. 

Tentacles simple, filiform. 

Alimentary canal usually extending beyond the branchial sac 
posteriorly to form an abdomen. 

Gonads placed in the intestinal loop. In addition to sexual 
reproduction, colonies may be formed asexually by gemmation 
from the stolon. 

This family contains 10 genera^, which may be distinguished as 
follows ; — 


r Branclmd sac wilh internal longitudinal bars 1 

\ Branchial sac without mternal longitudinal bars 2 

j f Body divided into distinct abdomen and thorax 3 

[ ISto distinct abdomen present 4 

Alany ascidiozooids united by their posterior parts to form a large 

3" colony Dia25oiia, 

Few ascidiozooids united irregularly to form small colony 5 

r' f Branchial sac minutely plicated Rltiopalsea, 

[ Branchial sac not minutely plicated Rliopalopsis. 

^ f Blood-vessels in the test Sluiteria, 

\ K'o blood-vessels in the test Ecteinascidia. 

f) f K o distinct abdomen present 6 

.j^toinen distinct from the thorax 7 

^ f Bnmci iai sac with about 4 rows of stigmata Peropliora. 

1 With a out a dozen rows of stigmata Peroplioropsis, 


^ f Branci iaI sac with about 4 rows of stigmata Peropliora. 

1 With a out a dozen rows of stigmata Peroplioropsis, 



^ Ckmlind^ms, Fewhes, probably does not belong to this family. The single 


species 0, rubra seems to be a Boliema, 

LIN?';. JOUBK. — zooLoa-Y, TOL. xxrii* 


43 
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fEody divided into thorax, abdomen, and a well-injirked pedunclo. 

7 J Podoclavella. 

I Body not pedunculated apart from tlie long' abdomen h 

( Stolons, and posterior end of body, united in a solid !>a,sni! mass ot 

8 - teat Stereocla.V6lla *. 

[ Stolons distinct, delicate and braiiolved Clavelina. 

DrAZOKAtj 1810. 

' Colomj ttiassive, not pedunculated, eont;isting of a basal mass 
of test surrounding the stolons and from wliich tlio ascidiozooids 
project upwards. 

Ascidiozooids elongated, divided into thorax and abdomen, and 
having the latter imbedded in the common basal mass of tost. 
Both branchial and atrial apertures anterior and 6'-l()l)e(l. 

. Test solid and thick in the lower part of the colony, thin and 
delicate on the upper free pax’ts of the ascidiozooids. Contains 
numerous pigment-cells. 

Branchial sac large and well developed, with internal longi- 
tudinal bars but no papillm. 

Dorsal lamina represented by triangular la ng nets. 

Viscera extending far behind the branchial sac so as to form an 
abdomen. 

Gonads in the intestinal loop. 

Three forms of Diazona have been described, which may bo 
only varieties of one species, D. violacea^ Sav. : — 

\ Witli no pigment-linea on thorax. I). iniaefU) Lulu (Mod.) 

I Witli white pigment-lines 1 

{ 'With pigmented circles round siphons, and infcinor hranthinl cinhx 

D. nolnmf, 8av. (Med. & N. W. Kur.) 

Ho pigmented circles round siphons, branclual circle Hinierior. 

' ■ ■ D. IMdica, V & (hf (N.W. Eur.) 


lillOPALTBA §, lBd2, ’ 

Bod^ elongated, divided by a couBtrietion into two parts, 
thorax and abdomen. 

Test thick and cartilaginous. Branchial and atriid apertures 
lobed. 

* Also JPycnoclavella^ Garst. ; see p. G 03 , 

1* This is the Synteihijs of Forbes and Gloodsir (185;!). 

f Forbes and Cloodsir, in their original description, say that the branchial 
and atrial apertures are not lobed, while Alder states that they are obscurely 
lobed, In D, violacea are distinctly lobed. Forbes and Qoodsir’s figure 
shows pigment around the atrial aperture. 

§ The liho]palom of Eoulo and others. This fornv has affinities with Cmm 
and the Ascidiidm, but is, I consider, more closely related to the Okvelirudm. 
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Branchial sac minutely plicated ; with internal longitudinal 
bars, which are not papillated. 

Tentacles simple. 

Heart and pericardium curved into a U-shape. 

This genus contains two species : — 

Branchial aperture S-lobecl, atrial 6 B. neapoUtcma, Phil. (Med.) 

Branchial aperture 6-iobed, atrial 12 ... B. cerheriana, Lab. (Med.) 

EnoPALOPSis, Herdman, 1890. 

Bod^ elongated, divided into thorax and abdomen. 

Test cartilaginous. Apertures not distinctly iohed» 

Brmichial sac not minutely plicated. Internal longitudinal 
bars present, but not papillated. 

This genus contains the two following species : — 

Test thin anteriorly, dark coloured B. ficsea, Ilerdm. (Mai.) 

Test thick all over, light grey B. crassa, Ilerdm, (Mai.) 

Sluiterta, JEd. V. Ben*^ 1887. 

Body short, not divided into thorax and abdomen, united to 
the stolon by a short peduncle. Apertures both 7‘“lobod. 

Test containing blood-vessels terminating in conical papillte. 

Branchial sac not minutely plicated. Many rows of stigmata 
present. 

Dorsal lamina in the form of a membrane provided with long 
marginal processes* 

This genus was formed for the reception of the single species 
B, ruhrkolUs^ Sluiter, from the island of Billiton in the Malay 
Archipelago. 

Ecteikascidia, BCerdman, 1880, 

Body elongated, usually tapering posteriorly, sometimes with 
a short peduncle; but not divided into thorax and abdomen. 

Test thin and membranous, containing no blood-vessels* Aper- 
tures not distinctly lobed. 

Mantle thin, musculature consisting of transverse hands. 

Branchial sac with internal longitudinal bars, but no papillae. 

Dorsal lamina represented by a series of tentacular languefcs, 
which may be connected at their bases by a narrow membrane. 

Tentacles simple. 

Viscera placed on the left side of the branchial sac, and some- 
times projecting slightly beyond it pmstcriurly. 


43 * 
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' Gomds placed in the intestinal loop, tlic spermatic vesicles 
forming a crescentic curve around tlie ovary. 

This genus contains four species, which may be separated as 
follows : — 

f Tentacles about 40 in number A7. diiqyhmh^ Shut. (Mai.) 

{_ Tentacles about SO in number 1 

r Dorsal languets and coiniocfcing-duots wide and moinl)rauous. 

1 j Id. MooreU ICercIiu. (Med.) 

[ Dorsal langiiets n,nd conneefcing-duets narrow and papilliforni 2 

r Tentacles of 0 lengths, languets separate. 

0 J K tiirhinata, Uerdm. (N. Atl.) 

j Tentacles not distinctly of 3 lengths, languets unitod by a narrow 
t dorsal inombraiio At lEtjrdm. (Ind. O.) 

Ascidia chviformis, Lesueur^* (W. Ind.), probably belongs to 
this genus, but is not sufficiently characterized, 

Peeophoea {Lister^ 1834), Wiegm,^ 1835. 

JBodij short, not divided ‘into thorax and abdomen, attached by 
a short peduncle to a creeping stolon. 

Test thin and transparent. B ranchial aperture G-lobedj atrial 
5-lobed, rather distant. 

Branchial sac with connecting-ducts which may branch to 
form imperfect internal longitudinal bars. About 4 rows of 
stigmata present. 

Dorsal lamina more or less of a membrane boaxdiig narrow 
languets. 

Alimentary canal placed on the left side of the branclu’al sac. 

This genus contains 3 or 4 species t, as follows : — 

( AscidioTOoicD ou distinct p(3clicels which uro joiuicd ; some adhering 

I Baud ou tost IK Jlnkhbm^nl, Mued, (AusI.r.) 

1 Ascidiozooids noton distinci pedicels, no jointing present, tjo ndhtaung 

[ sand 1 

fBody cohmrleas, 40 tentacles of 3 sIkch, only papllH form coimedhig 
1 ducts IK Lkien, Wiegm, ( Atl . , ? M (hI . ) 

1 Body greenisli, 20 tentacles uf 2 Ri 2 !ca, papilHhiriu (sonuectiug-duei.s 
1 with rudimentary internal longitudinal bars. 

L l\vlTidi%Ym\ (11 N.Ain.) 

[?= T. hcmyiUcnm, Bah. (Mcd.}.J 

PEaornoBOPSis, Laldlle. 

* Body nearly cylindrical, sessile. Branchial aperture 124ob(?(l, 
atrial 64obed. 

^ Journ. Acad. 2^. B, PhiladeL, April 1823, yol. lii. p. 5. 

* t Giard has named a species from BoscolF, IK fragilis. It has not yet, I 
believe, been sufficiently described. 
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Test fcliin, naembraiious, transparent. 

Branchial sac with no internal longitudinal bars and no con- 
necting“ducts, Numerous (15 or 16) rows of stigmata are 
present. 

Dorsal lamina represented by languets. 

Alimeniary canal on the left side of the branchial sac. 

Gonads forming a network over the intestinal loop. 

This genus contains the single species Herdinani^ 

Lahilie, from Banyuls (Med.). 

PoDOGiAYELLA, BLerdman, 1890. 

Body extremely long and narrow, divided into thorax, abdomen, 
and a well-marked post-abdominal peduncle. 

Test moderately t'hick, cartilaginous. 

Branchial sac with no internal longitudinal bars, and no papilli- 
form connecting-ducts. 

Viscera extending behind the branchial sac to form a large 
abdomen. 

I have formed this new genus for the reception of Savigny’s 
Clamlina lorealis, and a new species w'hich will be described in 
the Catalogue of Tunicata of the Australian Museum which I am 
now preparing. 

Colour light bluish green, tentacles in 2 rows. P. borealis, Sav. (Arct.) 

Colour purplish, tentacles in 1 row P. meridmialis, Herdm. (Austr.) 

STEltEOCnATELLA^, Serdman, 1890, 

Body elongated ; attached to a basal mass of solid test which is 
formed by the fusion or thickening of the stolons ; divided into 
thorax and abdomen ; apertures circular, not lobed. 

Test thin anteriorly, may ho thick and cartilaginous posteriorly 
where it joins and forms the stolonial mass. 

Branchial sac^ Ac., as in Olavelina. 

I have grouped together under this name those species of Glave-- 
Una which have the stolons and the posterior ends of the bodies 
imbedded in a basal mass of test. It may be regarded, along with 
Bodoclavellaj as being scarcely worthy of generic rank, and I am 

* Siiioe this was put in type Carstang has published (May 1801) a description 
of a new genus, Pyonoclavelia, which seems very closely allied to StereoclaveUa, 
However, it may be a distinct form characterized by the presence of stolonial 
tubes (vessels) in the free test covering the oesophageal region of the body. It 
contains the species P. auritiicens, Garst., found at Plymouth. 
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quite willing tliat botli kIiouIcI be ],>]aeed merely as siibgeiicra. of 
Clavelina ; but I consider that it is conveuiout to separate oiT uiulor 
a distinct name groups of species wbicb rcseiubk^ one aiiot'herj 
but differ from the rest, iu some marked cbaractorisiic» 

The species of SiereoclaveUa are as follows :• — 

I Dorsal Inagiiets short S, ohlonffa, Ilerdm, (All.) 

\ Dorsal langucts very large 1 

( Horizontal membranes of the branchial sac wide. 

1 j S. enonrns, Iho'dm. (B* All.) 

[ Horizontal membranes narrow S. IXcrclm. (Austr.) 


OUATELDTA, Savipi^, 181 G. 

JBoih/ elongated, club-shaped, bub with no pcdiinclo beyond 
the abdomen ; attached to a delicate, brauebed, creeping stolon 
from whicb buds are foraied j divided into thorax and abdomen. 

2hst thin, gelatinous, or cartilaginous. Apertures circular, not 
lobed. 

Mantle thin, muscles mainly longitudinal. 

Branchial sac without internal longitudinal bars. Stigmata 
straight, no papilliform connecting-ducts. Horizontal membranes 
present. 

Dorsal lamina represented by languets. 

Alimentary canal extending behind the branchial sac to form 
a well-marked abdomen. 


This genus, in the restricted sense in which it Is used here, 
contains only half a dozen species f? some of which, liowover, are 
imperfectly characterized. 

[Thorax and abdomen of much the same size 1 

[ Abdomen much longer than thorax il 

( Only 2 rows of stigmata in brancliial sac. 

1 ] ^ a pimllh t, M,-Ed\v. (NAV. Dur.) 

[At least () rows of stigmata 2 

g f 6 to 8 rows of stigmata. C, nana^i Lali, (N.W. blur,, 'Med.) 

[12 to 10 rows of stigmata 4 

I Wiih yellow or browxi linos of pigment on tlm thorax, [Med.) 

a: kpadiforwlii §, O, F. M. (N.'W. .kur., 
With white lines of pigment on thorax. 

0. M.-Edw. (N.W, Eur.) 

r Only .3 or 4 rows of stigmata. 0. yndada, M.-Eclw. (!N.W. Eur.) 

2 \ About a dozen rows of stigmata, 
t O'. Bavli/niana., M.-Edw. (N.W.Eur.) 


This Species will be described in the Catalogue of Tunicata of the Australian 
Museum. 

t Tossibly 0. E. Muller’s Asoidia gdaiim is a Qlmdina, 


I Possibly the young of Q, Upadiforrm or some other species. 
§ With several varieties. , 
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Suborder II, ASOWIJS OOIUPOSITJEJ, Saviguy, 1816. 

This group cou tains fixed Ascidians which reproduce by gem- 
mation so as to form colonies in which the ascidiozooids are 
buried in a common inYesting mass, and have no separate tests. 

The Ascidias Composite include seven families. It should be 
remembered that they are in all probability a polyphyletic group, 
having been derived from several distinct groups of ancestral 
Simple Ascidians. They are thus a semi-artificial assemblage 
consisting of those fixed Ascidians which have retained or 
acquired the power of reproducing by gemmation, so as to form 
colonies, and in w'-hich the ascidiozooids have remained so inti- 
mately united that their tests form a common colonial mass. ; 


Eamily I. BOTRYLLID,^, Giard, 1872. 


Colony/ usually thin and incrusting, sometimes in the form of 
thick lieshy masses. 

Systems circular, elliptical, or forming branched lines. Common 
cdoaeal openings distinct, usually lobed. 

Ascidiozooids short and not divided into regions. 

Test usually soft, traversed by numerous vessels with largo 
terminal knobs, 

JBrancldal sac large and well developed, internal longitudinal 
bars present, stigmata numerous. 

Dorsal laniim in the form of a plain membrane. 

Tentacles simple, not more than 16 in number. 

Alimentary canal placed alongside the posterior part of the 
hrancbial sac. 

Gonads on both sides of the body. 

Gemmation lateral, from the bodies of the ascidiozooids ; and 
also stolonial, from the ectodermal processes or vessels in the test. 

This family includes five genera, which may be distinguished 
as follows : — 


f Colony stalked. Gonads unpaired, in intestinal loop. Symplegma. 
\ Colony sessile. Gonads paired, placed laterally 

^ [ Systems elongated or branched irregularly 

ty f Colony thin, incrusting....... Botrylliis. 

^ \ Colony thick and fiesliy Folycycltis. 

f Colony thin, incrusting Botrylloides, 

\ Colony thick and fleshy Saxcofootrylloides. 


1 

2 

3 
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SyMPLBaMA, Jlerihmn, 1886. 

Colomf stalked, consisting of several ovate ascidiarla'^ coiiiieetcd 
by bra I idled peduncles. 

Ascidimoouh moderately large, not xniidi elongated, and not 
divided into regions. 

Test firm, vessels numerous. 

Brancliial me large and well developed, provided witli internal 
longitudinal bars. 

Dorsal lamina in the form of a plain membrane. 

Alimentary canal and gonads forming a mass projecting for a 
short distance only behind the brancliial sac. 

This genus, which 1 placed in 1886 in the family Dlstomidre on 
account of the close resemblnnco of the colony to that of a Colella^ 
I no\Y agree with Laliille had better be tra-nsf erred to the Botryl- 
lida?. The Botryllid affinitiovS, as I pointed out in the original 
description, are very marked, although Symplegma diflers more 
from the other four genera of Botryllidm than these do from one 
another. 

Thei^e is only one known species, Symphgma viride, IIei*dm., 
from Bermuda. 

Bothtllits, Gmriner 4* Dallas ^ 1774. 

Colony thin, incrusting. 

By stems circular or stellate. 

Ascidiozooids ovate, with their apertures placed far a])art. 

Test soft and gelatinous, never much thiekened, 

'Brancltial sac large, with 3 internal longitudinal bars on oatdi 
side. , 

Viscera alongside the branchial sac, at its posterior end. 

This genus contains a very largo numher of species 'which are 
very difficult to distinguish. In fact, species do not appear to 
be at all clearly difierentiated ; and, to add to the (lillunilij, many 
of the descriptions are very imperfect and only take accoiniiof 
external characters which ' cannot be applied to prcBcrvcd wpe- 
eimens. 

The following is a list of the species of Doirylltm. In tlie pre- 
sent state of our knowledge of these forms I feel that it is 'UkScIcss 
to attempt to distinguish them by brief characters In tabular form. 
Some of these species have several marked varieties, and most 
are very variable. 

That part of the colony in which the ascidiozooida are placed 



CIASSIFICATIOK OE THE THNICATA. 


607 


B, Scliiosseri (Pallas), Sav, (N.W. Eiir., Med.) Yellow witli rust-rod clots. 
J3. Baeri, Grube. (Med.) Colony very tbin. 

B, smmio, Della Valle. (Med.) Colony thick ; Tiolet-blue markings, 
i?. a'urolineatus, Oiard. (N.W. Eur., Med.) Yellow lines, 8 tent., asc. 
2*2 mm. long. 

B. mo7'iOj Giard. (Y.W. Eur., Med.) Nearly black. 

B. ge'nmieus, Sav. (N.W. Eur., Med.) Violet and yellow. 

B, violaaciis, H. M.-Eclw. (N.W. Eur., Med.) Dlue, with white lines. 

B. temtis, Della Valle. (Med.) Tentacles 1-3, vessels blue. 

B. mbmtus, Sav. (N.W. Eur., Med.) Asc. 1 mm., 3-5 in syst. 

B. smaragdus, M.-Eclw. (N.W. Eur.) Green. 

B. 2^^'iii7ws'iis, Giard. (N.W, Eur.) Green. 

B. tag)etum, Della Valle. (Med.) Grey, 3-8 in syst., 3 tentacles. 

B. cahmdiila, Giard. (N.W. Eur.) Yellow, ascicliozooicls 1 mm. 

B. 77ia7donis, Giard. (N.W. Eur.) Ascidiozooids 2*5 mm., 8-10 in syst. ; 

colour brown with white and carmine. 

B. nibigo, Giard. (N.AV. Eur.) Drown, with red marks. 

B. ruheiis, Aid. & llano. (N.W. Eur.) Yellow and red, tbin test. 

B. virescens, Aid. & Hano. (N.W. Eur.) Greenish. 

B, casfmuus, Aid. & Hane. (N.W. Eur.) Purple-brown, tost very thin. 

B. Gouldii, Verr. (E. N. Am.) 

B. hivittatus, M.-Edw. (N.W. Eur.) 

PoLYCYCLTJS, Lamcirck^ 1816. 

Colony thick and iesby? convex on surface, often lobed. 

Systems circular or stellate in outline. 

Ascidiozooids ovate, with tbe apertures ratlier distant from one 
another. 

Test gelatinous, but solid and much thickened, vessels present. 
Branchial sac large and well developed. 

Tentacles from 2 to 16 in number. 

Alimentary canal placed alongside the posterior end of the 
braBcbial sac. 

Gonads placed on both sides of the body near the posterior end. 
Leaving out a few doubtful forms and older species with im- 
perfect descriptions and whicli cannot now be determined with 
any certainty, the genus contains five species. These may be 
distinguished as follows : — 

r Ascidiozooids at leafst 3 mm. long 1 

\ Ascidiozooids not 3 mm. long i 2 

- f With 2 tentacles, placed laterally....** P. eganeus, y. Dr. (Med.) 

^ I With more than 2 tentacles 3 

( Ascidiozooids at least 4 mm. long 4 ■ 

3 ] Ascidiozooids about 3 mm. long. Tentacles 8, 2 large lateral and 6 
[ small B,violaGe'm'^Y,Dr, (Med.) 
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f Tentacles 8, 2 largo lateral and G small. 

J\ Vtiim^,Za\\. (Med.) 

] Tentacles 6, 2 large lateral and 4 small, 
t P, Ttenieri, Lamk. (Med.) 

-o \ Tentacles 8, all one size P. LmntinM, llcrdm. (N. W. Eur.) 

\ Tentacles 16, 8 long and 8 sliort 5 

f Ascidiozooids yellowisli, marked witli brown. 

5 ] P. Jcfrei/d, ITerdni. (Keel.) 

I Ascidiozooids of a bluish colour ... P. Savhjnyi, Herdni, (K.VV, Eur.) 

Boteteloides, B. Mihie-Bdto.^ 1842. 

Colony tliiia, incrustiDg and usually gelatinous. 

Systems elliptical or elongated, forming branched and some- 
times anastomosing lines. 

Ascidiozooids cylindrical, with the apertures placed near one 
another on the anterior end, 

5 !b 52 fsoft and gelatinous, never much thickened, penetrated by 
many vessels. 

^Branchial sae long and well developed. 

Alimentary canal placed alongside the branchial sac at its 
posterior end. 

Gonads placed on both sides of the body near the poster! or end. 
In this case, as in Botryllus, it is useless to attempt to distin- 
guish the species in brief tabular form in our present want of 
knowledge of the internal structure of so many of them ; conse- 
quently I give tlie following list of the known species j some of 
them are in a very doubtful condition. 

B. LeaeUij Say. (N.W. Eur., Med.) Purple, with yellow and wlato 
marks. 

P. lutemn^ v. Er. (Adr.) Green-yellow j leutacles 8, 4 lai'ge; ascidio- 
zooids 8 mm, in length 

B. pnrpnremn, y. Er. (Adr.) Tentacles 8, 4 largo ; aacididzooide .6 mm. 
P. Eella Valle. (Med.) Teiituclcs4; ascitliozooidH 2 mm. 

P. Emeryi, Jlella Valle. (JVted.) Tentacles 8, 4 largo. 

B. ruhrim, II. M.-Edw. (N.W. Eur., Med.) Colour yellow to rod ; 
4 tentacles. 

P. Tomccus^ Grube. (Med., Bed B.) Purple-red wiib white liiioH, 

P. morion yhmi% Bella Valle. (Med.) Yellow-green ; tentacles 8, all, or- 
nately larger; ascidiozooids 2mm. 

, P. H. M.-Edw. (N.W. Eur., Mod.) Pure white. 

P. ellmt'USf E. Oh. (Med.) 

P. tyreumf Iferdm. (Mai.) 

P. perqnmum, Herdm. (Mai.) And var. THUcundimi, 

. P. nignm, Herdm. , (Atl.) . 

^ With seyeral colour varieties noted by Laliille. 
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B, fulfjfurah, Ilerdni. (N. Atl.) 

B* Totifm'a, H, AI,-EcIw. (N.W. Eur.) Yellow, witli red raarks. 

J?. Giard. (N.W, Eur.) Ascidiozooids larger and flatter 

than in B> rotifm* 

B. clave! ma, Giard. (N.W. Ear.) Perfectly transparent. 

B. insicjne, Giard. (Y.W. Eur.) Park brown, marked with yellow and 
violet. 

B. sparsa, Alder, (N.W. Eur.) 

B. p 2 isilla, Alder. (N.W. Eur.) 

B. mdiaia, Aid. & Hanc. (N.W. Eur.) Yellow. 

B. nmiilosa, Aid. & Hanc. (N.W. Eur.) Pellucid and cream -colour. 

SAKCOBOTHYTiLoiDEs, vou Drmclie^ 1883. 

Colonij tliiclr and fleslij, often lobed. 

Si/sfems elliptical or elongated, forming branched and some- 
times anastomosing lines. 

Ascidiozooids cylindrical, with the apertures placed near one 
another on the anterior end. 

Test gelatinous, rather solid and greatly thickened; many 
Tessels present. 

Branchial sac large and well developed. 

Tentacles 8 to 10 in number. 

AHmentary canal placed alongside the posterior part of the 
branchial sac. 

Gonads placed on both sides of the body near the posterior end. 

Six species of this genus are known to me, and may be distin- 
guished as follows : — 

/Tentacles 8 1 

[Tentacles 36 i 3 

I f Test opaque white jS. superhim, v. Pr, (Med.) 

[ Test transparent grey 3 

{ Colour red-purplo; aseidiozooids 3 roiu. long, very close; 16 rows 

of stigmata p-ur^mrcmif n. sj). (Austr.) 

Colour dull slate-grey; aseidiozooids 2 min. long, not very close; 14 

TOWS of stigmata S. pannomm^ n. sp. (Austr.) 

(y / Stomach has cajcum B. anceps, n. sp. (Austr.) 

[Nocmcum present 4 

f Tentacles 8 long and 8 short S, WyvUlU, Herdm, (N. AtL) 

4 i Tentacles 4 long, 4 medium, and 4 short. 

[ ' 8, jacJcmiimmmy n. sp, (Austr.) 


Family II BISTOMID.^ (Giard, 1872), Berdm,, 1885. 

Colony rounded and massive, rarely incrusting, either sessile 
or supported upon a long or short peduncle. 

Systems irregular, inconspicuous or absent. 
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AsGidio^ooith of moderate length, and having the body divided 
into two regions, thorax and abdomen ; they may bo provided 
with long vascular ectodermal appendages. 

Test gelatiaons or cartilaginous, often thickened at the base to 
form a peduncle, winch may be traversed by large canals contain- 
ing the vascular appendages of the ascidiozooids. There arc 
sometimes calcareous spicules, which, however, are not stellate. 

Branchial sac well developed; no internal longitudiaal bars 
present. 

Dorsal lamina represented by a series of languets. 

Alimentary canal placed posteriorly to the braucliial sac, so as 
to form an abdomen. 

Gonads and heart in the intestinal loop, or alongside it. Sper- 
matic vesicles numerous, vas deferens straight. 


The genera in this family may be separated as follows : — 

r Colony with a well-marked peduncle 1 

I Colony sessile or only shortly pedunculated 3 

2 / ’With an incubatory pouch in which embryos develop Colella. 

[No incubatory pouch present 3 

r Ascicliozooids completely imbedded in a common test, . Oxycorynia. 

S i Ascicliozooids not completely imbedded in a common test. 

Chondrostacliys. 

^ r With an incubatory pouch and an atrial languet Bistaplia. 

I No incubatory pouch present 4 

f Ascidiozooids enclosed by ca^^sules formed of discoid spicules. 

4 i Cystodytes. 

■ [No spicules present in test 5 

With an atrial siphon Bistoma. 

With a triM atrial laiigiie t Heterotrema. 


CoLELUA, Ilerdman, 1885 {MR, ISSO). 

Colom/ more or less elub-sbaped,' composed of a peduncle 
attached at the base, and bearing on its, summit a more or less 
ellipsoidal ascidiarium. 

Ascidiozooids imbedded in a common test ; usually arnmged in 
lines hut not divided into systems. No common eioacal cavitiesi 
Body composed of thorax and abdomen, and a long ectodermal 
vascular process from the posterior end of the latter. Aper- 
tures six-iobed, not prominent. 

^ This genus was fully diagnosed, with Coklla Tkomoni as the type species, 
in my thesis for the degree of Doctor of Science, sent in to the University of 
Edinburgh and accepted by the Science Degrees Committee in March 1880 t and 
was published without material change in the second part of my ‘ Challenger ’ ' 
Eeport, printed off in 1885. • . . . 
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Tesi gelatinous, penetrated by the ectodermal prolongations 
from the ascidiozooids. 

B7^a7icldal sac well developed; no internal longitudinal bars 
present. 

Dorsal lamina composed of languets. 

AlimentarTf canal posterior to the branchial sac. 

Gonads placed on the left side of the intestinal loop. Testes 
grape- like in arrangement. Embryos develop in an incubatory 
pouch which is a large diverticulum from the atrial cavity. 

The species of Colella may be distinguished as follows : — 


Peduncle branched 1 

Peduncle imbranched 2 

Lower end of peduncle branched • 3 

Upper end of peduncle branched, 3 rows of stigmata, tentacles 5 large 

and 5 small C. 'plictita, n. sp. (Austr.) 

Peduncle short and wide, tentacles 16, 8 rows of stigmata. 

C, concreta, Herdni. (A. Arct.) 

Peduncle long and narrow 4 

Tentacles 12, all of one size, 4 rows of stigmata. 

0, ramidosa, Herdm. (S. Pac.) 

Tentacles of two sizes C. tenuicauUs, n. sp. (Austr.) 

Peduncle longer than body 5 

Peduncle not longer than body 6 

Colour red, tentacles 12 0, pulchra, Herdm. (Austr.) 

Colour bluish, tentacles 8, many rows of stigmata. 

0. Tlionmm, Herdm. (Mai.) 

Colour greyish yellow 7 

Tentacles large, 16 ; 5 rows of stigmata. [A. Arct. 

O. peduncuMa, Q. & Gr. (Austr., 

Tentacles small, 8 C. Qaimardi, Herdm, (S. AtL) 

Colony wide at top 8 

Colony narrow at top 0 

Colour grey O. Murrm/iALeitdm. (S. Pac.) 

Colour with a reddish tinge do., ynt.rubida, Herdm. (Austr.) 

Body not longer than broad, tentacles 12, 4 rows of stigmata. 

C. Herdm. (A. Arct.) 

Body longer than broad 10 

Ascidiozooids less tlian 2 mm, long, tentacles numerous (16 largo and 

16 small) and close C. ehngcda, Herdm. (Austr.) 

Ascidiozooids more than 5 mm. long, tentacles not numerous. 

0, daitijorfnis, n. sp. (Austr.) 


OxvcoEYNiA, von Drasche^ 1882. 

Colony club-shaped, pedunculated. The peduncle traversed by 
the long vascular appendages of the ascidiozooids, from which 
buds are formed. 

Ascidiozooids completely imbedded in the common test ; divided 
into thorax and abdomen, and having long ectodermal appen- 
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dages, Braiieliial and atrial aporturos circular, tlie former some- 
times d-Iobed, 

Test thill and transparent roimd the ascidio740oids, more solid 
and opaque in the pedimclo. 

Brcmcliial sac with numerous rows of stigmata. No iiitcriial 
longitudinal bars. 

Tentacles 8, 4 largo and 4 small. 

Alimentary canal behind the branchial sac. Stomach smooth. 

Gonads in the iuteBtinal loop. No incubatory pouch present. 

This genus contains the single species O.vyeor(/nia fascicular is, 
YonBrasche, from the Caroline Islands. 

Chotorostaciiys, MaccIonM, 1858. 

Colony club-shaped, pedunculated. The peduncle traversed 
by the long vascular appendages of the aseldiozooids, from whidi 
buds are formed, 

Ascidiozookh not imbedded in a common test, but freely pro- 
jecting from the surface of the colony, each covered by its own 
thin layer of test. Body divided into thorax and abdomen, and 
having a long ectodermal vascular appendage. Branchial aper- 
ture 4-lobed. 

Test thin and transparent over the ascidiozooids, thicker and 
more opaque in the common peduncle. 

Branchial sac with no internal longitudinal bars(P). 

Alimentary canal behind the branchial sac, forming an abdomen, 
alongside the intestine. No incubatory pouch presout. 

This genus contains a single species, froin Bass Strait, Aus- 
tralia, unnamed by Alacdonald. 

Distaclia, Bella Valle, 1B8L 

Colony in the form of lobod masses or club-shaped knobs. 

Systems distinct, each one forming a knob or lobe of the 
colony. 

Asoiiiozooids elongated antero-posteriorly, and placed verti- 
cally in the colony. Branchial aperture G-lobed. Atrial aper- 
ture provided with a languet. 

Test gelatinous, penetrated hy ectodermal prolongations from 
the ascidiozooida. 

Branchial sac with 4 rows of long stigmata,, crossed by 
Uarrow intermediate transverse vessels. 
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Dorsal lamina represented by a series of short langiiets* 

Alimentary canal posterior to the branchial sae. Stomach 
oyate^ smooth-walled. 

Qonads placed on the right side of the intestii’ial loop. The 
embryos develop in an incubatory pouch formed as a diverticulum 
from the atrial cavity. The larvm are of large size and are gem 
miparous. 

The four known species of Distaplia may be separated thus : — 

{ Colony forming a thick incrusting mass. 

i>. lubrUu, V. Dr. (Med.) 

Colony formed of a number of distinct knobs or club-shaped masses... 1 
r Ascidiozooids and larvm very large ; stomach-wall reticulated. 

1 I D. magnilarva, D. Valle. (Med.) 

[ Ascidiozooids and larvae of moderate size ; stomach- wall smooth 2 

r Knobs of colony with short peduncles or none ; colour rose-red. 

2 J D. rosea, D. Valle. (Med & K.W. Eur.) 

j Knobs with well-maided pedunelea ; colour dark violet or purple, 
h I). Vallii, Herdm. (Med, & MaL) 


Distoma, Gcsrtner, 1774, 1816, 

Colony massive, sessile or scarcely pedunculated. 

Systems absent or imperfect. 

Ascidiozooids divided into thorax and abdomen, not enclosed 
in calcareous capsules, and having both apertures 6-lobed and 
opening directly on to the surface. Thorax and abdomen often 
united by a long narrow pedicle. 

Test gelatinous, with no spicules. 

BraiicUal sac with from 3 to 20 or more rows of stigmata. Fo 
internal longitudinal bars. 

Dorsal lamina i^epresented by languets. 

Alimentary canal posterior to the branchial sac. 

Gonads placed alongside the intestinal loop. No incubatory 
pouch present for the embryos. 

The species of Di stoma may be separated thus : — 


(Wall of stomach smooth 1 

I Stomach-wall uofc smooth 2 


f Wall of stomach thickened to form a reticulation ; 24 rows of stigmata, 

D. adriaticUM^ v. Dr. (Med.) 

Wall of stomach grooved longitudinally ; 12 rows of stigmata, [Eur.) 

i>. orisiaUiuuni^, lieu. (Med., N.W. 


J f With only 3 rows of stigmata in branchial sac 3 

\ With more than 3 rows of stigmata 4 


* J). vUmwii* Sars, is either this species or closely related to it. 
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o r Colony of a rosinous'ln’owti colouf. J), 7nHcoHi/7n, y. i)r. (Med.) 

I Colony blackish, not samly ...... JU. Puticcni^^ D. Valle. (Mctl.) 

f Colony blackish, sanely on surface. 

41 J9. !>• Vallo. (Med.) 

[ Colony rod J), vanolost£m'\\ Ciortn. (N.VV. E nr.) 


II,ETEBOTEEMA, ‘FlectUr^ 1880. 

Colony massive, braiiclied, attaclied. 

Systems placed iii irregularly polygonal areas niarlccd out by 
grooves. 

Test gelatinous, vvitb no spicules. 

Ascidiozooids witli body separated into tliorax and abdomen, 
and having ectodermal processes. Branchial aperture OMobod ; 
atrial not lobed, but with a trifid atrial languet. 

Branchial sae well developed, without internal longitudinal 
bars, with 8-10 rows of stigmata. 

Dorsal represented bylangiiets. 

Alimentary canal placed behind the branchial sac. Stomach 
longitudinally„folded. 

Spermatie vesicles numerous, placed in the posterior part of 
the abdomen. 

This genus, dosely allied to Disfoma^ contains the single 
species Heferoirema Sarasinonm, EiedL, from Ceylon. 

Ctsto BYTES, von JDrasche, 1888 (subgeii.), Ilerdm.^ 1886. 

Colony of irregular form, attached and iiicnisting, sometimes 
lobed, and of moderate tliickness. 

Ascidiozooids siuToimdcd by capsules formed of calcareous 
discoid spicules. No ectodermal appendages i)rc8(‘iit. 

Test cartilaginous, containing calcareous disC'-slniped spi<*ules 
which form a capsule round each ascidiozooid. 

Branchial sac small ; about 4 rows of stigmata. 

Ahdomen as large as thorax, Stomach smooth. 

The five known species of Cysiodytes may be di^ii^)guished as 
follows 

/ Asekliozooicis arranged in distinct systems 1 

\ Ascidiozooids not distinclly arranged in systems 2 


* D* phmhtm, B. Yallo (Med,), seeins to differ from this only ixi the size 
..and proportions of the ascidiozooids, 

t D. mhnmi^ Say., is close to if not identical with thia* 
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I f Colour yellowish brown 0. dimiSf v. Dr. (MecI) 

[ Colour whitish and translucent C. cretaceits, v. Dr. (Med.) 

Q f Colour violet C, BelleCJdaie, D, Yalle. (Mod.) 

\ Colour brownish grey 3 

f Test not much vacuolated C. Draschii, Ilerdm. (S. Atl.) 

3 '! Test very much vacuolated, darker than last. 

[ C.'j[)hllip_pinends,'&Qtdim, (Mai.) 


Eamily III. TOLYCLINIDM, Giard, 1872. 

Colony usually massive; sometimes iucrusfcing, sometimes 
lobed or even peduneulated. 

Systems of various shapes, sometimes very irregular or absent. 
Common cloacal apertures usually inconspicuous. 

Ascidiozooids always elongated antero-posteriorly, and usually 
divided into three distinct regions. Branchial aperture 6- or 8- 
lobed ; atrial aperture often with atrial languet. 

Test gelatinous or cartilaginous, sometimes rendered stiff by 
imbedded sand-grains. 

Branchial sac usually small and not highly developed. Stig- 
mata usually small. There may be papilliform connecting-ducts 
but never internal longitudinal bars. 

Dorsal lamina represented by a series of laaguets. 

Toitacles small and not numerous. 

Alimentary canal extending considerably beyond the branchial 
sac posteriorly. 

Gonads placed behind the intestinal loop in the postabdomen. 
Testis represented by a number of small spermatic sacs, attached 
to a large vas deferens. 

Gemmation from the postabdomen, which has the heart at its 
extremity. 

Tills very large family* contains about twenty genera (or sub- 
genera), which may be distinguished brielly as follows : — 

( Branchial sac with wide meshes and no true stigmata. 

< Pharyngodictyon. 

(_ Branchial sac normal 1 


^ I cannot follow Lahille in breaking it up into the two families Polycii” 
nidai and Aplididm ; nor can I employ, as he does, the twisting of the intestinal 
loop as a primary character in distinguishing the genera ; intermediate con- 
ditions are found between the typical Polyclinid condition and that found in 
Amarotwkm, 

LINS. JOIJim.-— ZOOLOGY, VOL. XXIII. ' 44j 
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rBrancliiai sac with papilliform connccting-tluots in its iTitf'rior, 

1 J ■ Tylobrancliioii. 

[ Braiicliial sac not papillaled^ 


Q r Stomach smooth-walled 
\ Stomaeh-wall thichonod 


Horizontal membranes denticulated to form projections l:)(‘twecn the 


3j 'Stigmata GlossopHomm. 

1 No such projections formed 

g f Intestinal loop simple, XJ-shapod Aplidiopsis. 

\ Intestinal loop twisted 


8 


IPolycliniim. 

Systems compound Anrantmim. 

/ Atrial aperture on the dorsal edge 

\ Atrial ajjerture on the anterior end 

f Sand-grains imhedded in and incrusting test ... Psammapliditim. 

\ Test not containing sand-grains Aplidium, 

fB ranch ial aperture 8-lobed 

[ Branchial aperture 6-lobed 

f Wall of stomach folded ov grooved 

[Wall of stomach areolated or with groove.^ brohon up 


11 

13 


12 


10 


Ciremalium. 


f Postabdomen slightly pedunculated Fragaritim t. 

[ Postabdomen not at all pedunculated Fragaroides t» 

' Postabdomen separated from abdomen by constriction. 

Parascidia. 

Postabdomen not separated off by constriction ... MorclielUoides. 

f Wall of stomach folded or grooved 

[ Wall of stomach areolated 


f Systems simple .... 
[ Systems compound 


:? 

4 


5 

6 


7 

8 


0 

10 

11 

12 

18 


14 

la 


1 A r Wall of stomach folded transversely Atopogaster. 

[ Wall of stomach folded longitudinally 16 

/ Postabdomen separated off by a coiistriclioti Polyclinoides. 

, ^ [ Postabdomen not separated off by constriction 17 

.jw f Atrial aperture G-lobed Sigillixia. 

^ 1 Atrial aperture with a lauguet Amarouemm J;, 

. - f rostabdomon separated off by constriction Sidnyum. 

'' [ Postabdomen' not separated off 18 

ifl / iSystems .simple SyBoictim. 

[ Systems compound MorcliellitiiB,. 


PiiAEYKaoRiCTTON, Ilenhian^ 1885. 
club-slmped, or consistiitg of a head” (or ascidiariion) 
placed OR a sliort peduncle. 

Sj/stems inconspicuous. 

^ In Giossophorum the so-called papillse are due to a deuticulaiion of the 
iioriisontal membranes. 

t These two are very closely related. 

The subgenus Morchdliopsis of Lahille comes in here, but I do not see 
that it can be separated from Amarotwmn. The specific naiue of the single 
species, MorohelUopsis Fleyherimm Bahille/’ must, according to the laws of 
aomenclature, be punoium, Giard. 
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Ascldiozooids very long antero-posteriorlyj and distinctly 
divided into regions. 

Test of a firm gelatinous consistence. 

Braneliial sac formed of a simple mesh work of longitudinal 
and transverse vessels. ISTo true stigmata present. 

Dorsal lamina represented by a series of langnets. 

Gonads placed in a long postabdomen extending behind the 
intestinal loop. 

This genus was formed for the remarkable deep-sea species 
Tharyngodictyon mirabile, Herdm., trawled in the Southern Ocean 
at a depth of 1600 fathoms. 

TiLOBKAii^'CHiOH^, JTerdman, 1885, 

Colony large, massive. 

Bystems inconspicuous. 

Ascidiozooids large, elongated antero-posteriorly, and distinctly 
divided into regions. 

Test gelatinous. 

Branchial sac large and well developed. Transverse vessels 
provided with numerous large papilliform connecting-ducts which 
may bifurcate to form rudimentary internal longitudinal bars. 

Dorsal lamina represented by a series of languets. 

Alimentary canal Stomach-wall folded longitudinally. 

Gonads forming a long postabdomen. 

This genus includes the single species Tylohranchion spechsmi^ 
Herdm., from Kerguelen Island. 

Glossophobitm t, LaUlle, 1886. 

Colony subglohiilar or expanded and lobed, attached, sandy. 
Systems usually one in each colony, simple. 

Ascidiozooids divided into thorax, abdomen, and postabdomen 
separated by narrow pedicles. Branchial aperture 6-lobed, atrial 
with a lobed languet. 

Test covered with agglutinated sand-grains. 

Branchial sac with well-marked horizontal membranes, which 
are denticulated or crenated so as to have a number of small 

^ This genus has affinities with Biasona and the Clayelinklce, but is, I think, 
more closely allied to the Polyolinidas. 

1’ This genus seems very similar to BUurQhphmm^ Giard, 1874 (Assoc. Fran 9 ., 
Lille). 
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papilliform 'projections nearly iia numerous as tlic si-igirmt^a* 
About a dozen rows of stigmata. No intornal longitudinal 
bars. 

Dorsal laurjiiots proBcnt. 

Almctitary canal with the iiiteatinal loop twisted. Stomach 
smooth. 

There are two species of Qlossoplwnmi : — 

" Colony smallj globular ; 32 tentacles; atrial larignet lobed. 

G.mhulomum^ tiiard. (N.W. Eur., Mod.) 

Colony largo, flattened; 16 tentacles ; atrial languct Biinplu. 

G. hmiki bah. (Mod.) 

The Amaroticiim lilaterale of Gdard (N. W. Eur., 1871) pro- 
bably belongs to this genus, 

Aiminiopsis, LaMlle,V&dQ. 

Colony subglobular, attached, sessile. Bystems irregular or 
indistinct. Branchial aperture G-lobed, atrial imperfectly lobocL 

Ascidiozooids divided into thoi’ax, abdomen, and postabdomon. 

DrancJiial sac with numerous stigmata. 

Alimentary canal with no twdsting of the intestine. Storaaeli 
smooth. 

Fostaldomen not separated off from abdomen by a constric- 
tion. 

The following species may be referred to this geiuis : — 

f Stigmata Tory small A. wawto, (Mag.) 

[ St ign ) a t i I wel 1 develop ed I 

. f Stomach globular A, vi/reua, bah. (Med.) 

[ Stomach pyrifonu 3 

f Stomach placed vertieally A. nihm/rs, ’JJerdm. (South, (),) 

[ Siornach placed horizontally ...... A.pyH/ormk, Ihu'dm, (South, O.) 

Auiuntium, Giard^ 1872. 

This genus, ox* subgenua, seems to diHer froitj l^olycdmtm 
merely in having the systems compound. It contains a hinglc 
species, A. mmintium {^Dolyclhmmauraniium)<, 'MAl^^^^ which, 
is possibly idcmticahvitli Sidnymu turlinaltm of Bavigny. 

This group is probably scarcely of sufficient importaiico to 
warrant its separation from FolycUmm, 

PoLVCbmxjM., Saviyny^ 181G. 

Colony massive, usually sessile. 

Systems simpile or compound, often irregular. 
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Ascidio^ooich elongated, more or less distinctly divided into 
three regions. Branchial aperture 6-lohed ; atrial aperture pro- 
vided with a laiiguet. 

Test gelatinous or cartilaginous, sometimes incrusted with sand. 

Brmicluat sac large and well developed. 

Alimentanj canal usually long and complicated, often twisted. 
Htomacli s m o oth- walled . 

JPosiahdomen separated from the abdomen by a constriction, 
often projecting from one side of the intestinal loop. 

Some of the older described species of Folyclimm are so im- 
perfectly known that the following table cannot be regarded as 
quite satisfactory, hut it may be of use in roughly distinguishing 
the species : — 


/ Colony inemsted with sand 

[ Colony not sandy 

I Not very miioh sand in test, stigmata small. 

P. molle, Herdm. (S. Atl.) 

A good deal of sand in test, stigmata long and narrovw 

P, fi(ngosu?n, llerdm. (Austr.) 

[’ Postabdomen attached to ventral edge of abdomen. 

2 • P. drpressam, Ilcrdm. (Austr.) 

[ Postabdomen ait ached to posterior end of abdomen 

^ f Colony of a greenish colour 

^ \ Colour not green, generally grey or violet 

^ f Gelatinous, green P. viTide^ B. Ch. (Med.) 

[ Ifot gelatinous, olive-green P^Jicus, Sav. (N.W. Bur., ? Med.) 

f Abdomen separated from thorax by a very long pedicle, as long as 

5* abdomen P, m-m/m, (Sav. (Eed S.) 

( Abdomen separated only by a short pedicle 

0 f Of a whitish or grey colour 

1 Of a violet or purple tint 

/ Colour whitish.. P. stcltafimi B. Oh. (Med.) 

* I Colour grey P. B. Ch. (Med.) 

g / Of a purple colour P. septosim.^ B. Ob. (Med.) 

( Of a bluish or violet tint 

Q f With about 18 rows of stigmata ... P. licsperhm, Sav. (Bed S.) 

* I With 14-10 rows of stigmata 

(' Abdomen nearly as largo as thorax, stigmata small. 

10' P. macum, Sav. (Red S.) 

1 Abdomen much, smaller than thorax, stigmata largo 

f With 14 rows of stigmata P. comteUatum, Sav. (Ind. 0.) 

I With lo-ld rows of stigmata 

, f Colour dark violet P, mtimnmn, Sav. (Red S., Med.) 

I Colour light violet P. cythereiim^ Say. (Red S.) 


1 

2 


3 

4 

5 


6 ’^ 

7 

8 

9 

10 ^ 

11 


12 


^ PohjcUmmi iiazoiw^ B. Oh. (Med.), certainly does not belong to this genus — 
probably not to the family. P. fiiscum^ D. Ch. (Med.), has the branchial 
aperture 8-lobed, and therefore cannot bo a Poli/elmm. 
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PsAMMAPLiBitTK, llerdman^ 188(L 

Colony incrusting, massive, or lobcd. 

Systems inconspicuous. 

Ascidiozoouh usually small, not much elongated, and not dis- 
tinctly divided into regions. 

Test thick, and greatly strengthened by inihedded and in- 
crusting sand-grains and other foreign bodies, which form a 
great part of its bulk. 

Branchial sac small and not well developed. 

Bostaldomeu usually short. 

The species referred to this genus may be separated as 
follows : — ' 


■ polony broto, up into narrow branched and anastomosing strands. 

- 1\ retiforme, Ilercliu. (A. A,rct.) 

Colony not retilbrm 1 

f Ool ony thin and incrusting 2 

I Colony massive^ 6 

f Colour dark brown P. effreminm^ Hcrdm. (S, Atl.) 

\ Colour stone*grey P. incrmtmis^ n. sp. (Austr.) 

f External part of test forming a di stinct layer 4 

[ External layer of test not modified 5 

Colony formed of Ascidiarium on narrow peduncle. 

. P. pediincnihtiim, n. sp. (Austr.) 

Colony formed of irregular masses not pedunculated 6 

« f Colony not lobed P. Jhvum, llerdm. (S. Atl.) 

^ I Colony lobed 7 

[ Central layer of test free from sand. 

7 ’i . ■ P. fragile^ n. sp. (Austr.) 

[ Sand all tlirougl i test 8 

( Stigmata nmcli wider than intorstigmatie vessels. 

P. soHdmi, n, sp. (Austr.) 

Stigmata same width as vessels or narrower. 

P. tokitum, n, sp. (Austr.) 

f Colony ovate or pyriform {) 

I Colony irregularly lobed * .10 

{ Much imbedded sand ; colony qui to stiff 'll 

Hot much sand ; colony finn, but not slilf. 

P. emtuM, Iloixhyj, (Austr, ) 

: f Shape ovate, colour green -grey, nmseles weak, stigmata, long, 

. j P. mbmriih, llerdm, (S. Atl.) 

1 Shape pyriform, colour yellow-grey, muscles strong, stigjuaia short.. 

[ P. pyrffomii, Hcrdm. (Austr.) 

f Short cylindrical lobes from common base,' stigmata very narrow. 

1 P. escigumi, Ilerdm. (S, Ail.) 

[ Lobes irregular, stigmata not very narrow ^ 12 ■ 

r Stomach globular, smooth-walled P. spongiforme^ Ilerdm. (Austr.) 

12 i Stomach quadrate, folded longitudinally. 

tv . P, Herdm, 


5 


11 


10 
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PoLYGLiNOiDES, von DrasclWi 1883» 

Colony forming rounded transparent masses. 

Systems irregular. 

Test transparent. 

Ascidiozooids divided into thorax, abdomen, and postabdomen. 
Branchial aperture 6-iobed. Atrial aperture placed far back on 
the dorsal edge and not lobed; anterior to it is an atrial ianguet. 

Branchial sac with 8 rows of stigmata. ISTo internal longi- 
tudinal bars and no papillae. 

Alimentary canal not twisted. Stomach with numerous flat 
longitudinal folds. Anus provided with two large lobes. 

Gonads in a moderately long postabdomen, separated from the 
abdomen by a slight constriction. 

This contains the species Bolyclinoides diapJianum^ v. Drasche, 
from Mauritius, 


ApLiniUM, Saviyny, 1816. 

Colony massive or lobed, not pedunculated. 

Systems compound and irregular. 

Ascidio^ooids not much elongated. Branchial aperture 6-lobed ; 
atrial lobed, or having a more or less rudimentary Ianguet, and 
placed far back. 

Test gelatinous or cartilaginous, rarely sandy. 

Branchial sac fairly well developed. 

Alimentary canal of moderate size. Stomach- wall folded lon- 
gitudinally. 

Bostaliomen usually short. 

Those species of the genus which have been sufficiently cha- 
racterized can be distinguished thus : — 


r Atrial aperture distinctly lobed or -with a Ianguet 1 

I Aerial aperture with no visible lobes or Ianguet 2 

f Atrial aperture (Hobed 3 

[ With an atrial Ianguet 4 

r Colony sandy ; branchial sac not pigmented. 


« J A. aspemm, v. Dr. (Med.) 

^1 Colony not sandy ; branchial sac pigmented. 

[ A, pdlucidum, v. Dr. (Med.) 

^ f Atrial Ianguet bifurcated A.fmcum, Herdm. (A. Arct.) 

’ I Atrial Ianguet not bifurcated ■ 5 

f 10 grooves on stomach .,:‘A,faUaa;, Johns. (H.W. Eur.) 

4 grooves on stomach .* G 

r Brown pigment-dots on dorsal edge of thorax. 

6 j A, tremulunii Sav. (Bed 8.) 

[ Ko such pigment-dots 


7 
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r Colony greyisli; poshibdomen abort . A. lohafum, Sav. (Mod., Bed S.) 
7 i Colony yeUOwiah : nostabdonien very long. 

[ A, aalicnlatnm, Sa.T. (N.W. Eur.) 

f Both transverse and longitudinal m'uscIo*banda very strong. 

2 ' A. cmssiim, i terclni. "(B. All.) 

[ Adiisculaturo not powerM 

Q / Stigmata very mi onto and irregular 

I Stigmata normal 

f Colour dark grey A. rkspee/im, Ilerdni. (N. Atl.) 

* 1 Colour dark smoke-brown, AJumkjatum^ lilerdm. (A. A ret. 

[& Alai) 

f Witli very slight grooves on stomach. AJcitco])}immJA(i\'(hyi, (A.Arct.) 

/ G rooves of stomach-wall well marked 

[ Grooves few, 4 to (> 

[ Grooves numerous, 10 or more 

TO f Colony sandy A. (Mulosmn*^ Sav, (ACed.) 

\ Not sandy 

14 stigmata A. grmum, Lah. (Med) 

I With about a dozen rows of stigmata. A. ejjusmti, >Sav. (Bed B.) 
jQ ( Colony somewhat sandy on surfaco... A. inernsfam, Ilerdni. (S. Atl.) 
\ Colony not sandy 


8 

1 ) 

, 11 ) 


11 

12 

13 

14 


15 


I g / Branchial sac pigmented A, orn'ideum^ Lah. (N.Wl Eur.) 

I Not pigmented A, sostericola, Guard. (N. W. Eur.) 


Amaeovcito, jy, 1841 

Colmu massive, sometimes lobed or pedunculated. 

Systems usually compound and irregular. 

Aseidiozooiis elongated. Brancbial aperture 0-lobecl ; atrial 
usually provided with a long langiiet, placed close to tlie bran- 
chial aperture. 

Test cartilaginous or gelatinous. 

Branchial sac moderately developed. 

JUmeniary ca7ial of moderate size. Stomach-vall folded longi- 
tudinally. 

Postahdomen usually very long. 

The recognizable species of tins large gentm may be dis- 
tinguished thus : — 

( Systems eiinple, regular, and witli few a.scidiazookls. (Eur.) 

1 A. M.-E(lw, (N.W. 

I Systems eorapound, irregular, and with many aseidiozooids I 

, f Stomach folded longitiidi nally 2 

I Stomach simply rayed 3 

g f Colony transparent, colourless A. cry7i^a/Hmmi,'D,Yalh, (Med.) 

I Colony opaque, coloured * 4 

^ f Colour white A, lactemn^ v. Dr. (Med.) 

■ \ Colour orange-*red A^conictm^ Oiivi. (Med.) 

* Possibly this species ought to be referred to 
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Q r Atrial langiiet trilobed 5 

^ \ Atrial languet simple 6 

I Transparent, with orange pigment on anteiiior end of enclostyle. 

5 j A. Giard. ( N . W. Eur . ) 

[ White colour A.albieans, AL-Edw. (N.W.Eur.) 

0 f Colony sandy 7 

[ Colony not sandy 8 

f Few folds, 5, in stomach-wall A. mhacutmn, v. Er. (Aled.) 

^ [ Many folds, 10 or more 9 

Q r Of a dark-brown colour A,fuscum^ v. Dr. (AM.) 

\ Of a light colour 10 

IQ f Of a greyish-yellow tint, much sand . A. densiim^ Giard. (N.W. Eur.) 

I Of a liglit-brown tint, little sand A, coinnmne^ y. Dr. (Med.) 

q / Colony on a short peduncle ; 11 

[ Not pedunculated 12 

ll f Colour black A. nigrum, (A. Arct.) 

I Colour not black 13 

iq / Stigmata small, short, and inconspicuous 14 

[ Stigmata moderately long 15 

J Stomach spherical A, glohosum, ITerdm. (A. Arct.) 

\ Stomach cylindrical A. variabile, (A. Arct.) 

f Colony grey, with yellowish aseidiozooids. 

15 j A. colclloidcs, ITerdm. (S. Atl.) 

[ Whole colony of a reddish tint IG 

f Of an orange-red A. 2 )i'oliferuin, M.-Edw. (K.W. 

16 ] [Eur., Aled.) 

[ Of a pale rose-red A. roscmii, D. Valle. (Med.) ; 

f Colour white A. alhidim, Herdm. (Austr.) 

[ Colour not white 17 

J Aseidiozooids yery small, less than 5 mm. long...., 18 

, ^ [ Aseidiozooids not small, more than 5 mm. long 19 

,Q f Stigmata well developed A. latmgatim, Herdm. (AXag.) 

I Stigmata small 20 

f Colony pale liver-coloured, opaque... A, hepaticimi, Herdm. (?) 

^ I Colony light grey, transparent A. reoumhem, Herdm, (Mag.) 

-Q f Atrial languet long A. irregtilare, Herdm, (Alag.) 

\ Atrial languet short and inconspicuous 21 

( Numerous stigmata in branchial sac, 18-20 rows. 

21 •{ A, torquatim, v. Dr. (Med.) 

[ Comparatively few stigmata, few rows 22 

f Intestinal loop long and narrow ^hcowf->/m?a/'Ww,Herdni.(A.Arct.) 

[ Intestinal loop short A. paUidulimi, Herdm, (Alag.) 


ATOi'oaASTEu, Serdman, 1885. 

Colony massive and usually of large size. 

Systems simple or inconspicuous. 

Aseidiozooids large or small, always mucli elongated antero- 
posteriorly. Branchial aperture G-lobed. 

Test thick, and usually cartilaginous and tough ; not iucrusted 
with sand. 

^ The MofchelUopsis Fleybrnmius of Lahille. 
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BraneMal sac usually well developed. 

AVime7ttary canal large. Stomach -wall folded transversely. 
Bostahdoinen long. 


The species of Atopog aster are as follows 

f Ascidiozooids ai'rangcd in distinct circular systems. 

1 A, gigantca, llordm. (Mag.) 

[, Systems inconspicuous 1 

I f Ascidiozooids largo, more than 1 cm. in length 2 

[ Ascidiozooids small, less than 1 cm. in length 3 

f Ooiour orange A. aurmitiaca, ll'erdm. (Austr.) 

I Ooiour light grey A. mformis, Ilerdm. (?) 

g f Ooiour yellowish grey A. domjata, Ilerdm. (Mag.) 

[ Colour paler, dull whitish grey A. elomjata, Tar. jpa/Zd/a-. (tS. Atl.) 


SiQiLLXNA, Samjjmj, 1816. 

Colo7iij elongated, pedunculated, attached. 

Test gelatinous. 

Ascidiozooids very long, divided into thorax, abdomen, and 
postahdomen. Branchial and atrial apertures both 6-lobcd. 

Branchial sac very short. No internal longitudinal bars. 

Alimentary canal forming an abdomen whicli is larger tlian 
the thorax. Stomach-wall folded longitudinally. 

Gonads in the very long slender abdomen, wliich is prolonged 
down through the colony and its peduncle. 

This contains the single species SigilUna australis^ Savigny, 
from the 8.E. coast of Australia. 


SxivoicuM {Tltip;ps^ 17710> dSlth 

Colony sessile or pedunculated. Each system forming a sepa- 
rate club-shaped mass ; systems simple. 

Test semi-cartilaginous, not sandy. 

Ascidiozooids divided into thorax, abdomen, and postabdonien. 
Branchial aperture 0-iobed, and atrial 6-lobe(l but irregular, iluj 
three anterior lobes being large. 

Branchial sac long. No internal longitudinal bars and no 
papilla). Many rows of stigmata, 

Alimeniary canal forming an abdomen as largo as thorax; 

• intestine not twisted. Stomach-wall areolated. 

Gonads in a postabdomen of moderate length, not separated 
from abdomen by constriction. 

This contains the species Synoicum turgenSy Phipps, from Spitss* 
bergan. 
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SiDNYXTM, Samgny, 1816. 

Colony massive, or formed of a number of lobes, one corre- 
sponding to eacb system. 

Systems compound. 

Asaidiozooids elongated and distinctly divided into regions. 
Brancbial aperture 6-lobed ; atrial aperture not pmvided with a 
languet. 

Test gelatinous. 

Branchial sac well developed. 

Almeniary canal forming a narrow loop. Stomacli-wall areo- 
lated or irregularly thickened. 

Bostaldomen long, and separated from tbe abdomen by a con- 
striction. 

This contains two species : — 

( Colony a globular mass, with broad rounded upi^er surface. 

S. pallidum, Herdm. (A. Aret.) 
Colony lobed, each system forming a truncated cone. 

S. titrhinaimn, Sav. (N.'W. Eur.) 


Moeciiellixjm, Giard, 1872, 

Colony massive, sessile, or pedunculated. 

Systems compound, irregular, and usually inconspicuous. 
Ascidiozooids elongated, but not distinctly divided into regions. 
Branchial aperture 6-lobed. 

Test gelatinous or cartilaginous. 

Branchial sac large and well developed. 

Alimentary canal usually large. "Wall of stomach areolated 
or irregularly thickened. 

Bosiahdomm large, but not distinctly separated from the 
abdomen. 

This contains two species : — 

f Colony pedunculated * M, arr/ns, M.-Edw. (ISf.W. Eur,) 

(Colony sessile 3L Giardl, Herdm, (A. Arot.) 

Moecheluioides Serdman^ 1885, 

Colony massive, sessile. 

Systems compound, inconspicuous. 

Ascidiozooids elongated, but not distinctly divided into regions^ 
Branchial aperture 8 -lobed ; atrial aperture anterior. 

^ This section is very closely related to the next, Farascidia, 
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Test gelatinous, not sandy. 

BraMcMal sac large and well clevelopecL 
Alimentary canal large. Wall of stoinach areolatocl or irre- 
gularly tliiekenecl. 

Post abdomen large, but not distinctly separated from tlie 
abdomen by any constriction. 

IforclielUouIes contains two species, wHcli may be distinguisliecl 
as follows : — 

t With musclo-fibres in tbe tmnsverse vessels; brancbial lobes rounded. 

M. affinity', jlerdm. (A. A ret.) 

No musclo-fibres in vessels ; branclii.'il lobes pointed. 

iM. Aldcri, Ilcrdm. (N.W. I'lur.) 

Pauascidta*, Ifilne-Bdimrds, 1842. 

Colony massive, attached. 

Test gelatinous. 

Ascidiozooids having thorax, abdomen, and postabdomen. 
Branchial aperture 8-lobed. 

Branchial sac witlino internal longitudinal bars and no papil!». 
Alimentary canal with stomach areolated or pseudo-areolated t* 
Fostabdomen separated from abdomen by a constriction* 

This group has had the following 4 species referred to it : — 

' Colony fan-shaped, pedunculated, lobed, orange. 

P.Jlahelluia,Akl (N.W. Eur.) 

Colony globular or forming a fluttiHli expansion 1 

- f Colony small, globular, palo yellow... P.y?^/'iww,AI.-Edw. (N.W.Eur.) 

^ \ OoloTiy large, flat-topi^ed or lobulated 2 

o f Amber-coloured P. Porhesi, Ald.| (N.W. Ear.) 

\ Pale red P. Iflemmgi, Ald.j: (N.W.Eur.) 

PiniaATUUM, Giard, 1872. 

Colony massive, attached. 

Systems compound; largo common doacal aperture with 
denticulated margin. 

Ascidiozooids having thorax, abdomen, and' postabdomeiu 
Branchial aperture 8- (may bo G~12-) lobed ; atrial anterior. 

^ Lahille states that this genus was intended by Alilue-Edwards to iwcludo 
forms with the stomach-wall longitudinally fidded, and that therefore it is 
synonymous with the genus Frugammi of Giard. I believe it will cause less 
confusion to leave the definitions of these groups as they now are* 
t The thickenings being in the form of longitudinal folds broken up into 
little knob-like or ellipsoidal projections, 
t These may possibly bo one species. 
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Branchial sac with no internal longitudinal bars. 

Tentacles simple, 12, of twm sizes placed alternately. 

Alimentary canal not twisted. Sfcomacii-wall longitudinally 
folded. 

Fostalclomen long, separated off from abdomen by a slight 
constriction. 

There are two species of Frayarium i — 

f Colour rose-red, branchial siphon white F. elegant, Griard. (IST.W. Enr.) 

I Colour yellow-red, branchial siphon colourless. F. areolatum^ D. Cb. (Med.) 

Teagaeoides Maurice^ 1888. 

Colony rounded, massive, of cartilaginous consistency, having 
numerous compound systems. External cloacal apertures few. 

Ascidiozooids with 8 branchial lobes. Atrial aperture not 
lobed, but with a moderately large atrial languet. Thorax larger 
than abdomen. Postabdomen very long, not pedunculated. 

Branchial sac large, with about a dozen rows of stigmata. 

Dorsal langiiets wide. 

Tentacles 11, 6 large and 6 small alternately, and 2 additional, 
very small, placed one at each side of the base of the large medio- 
dorsal tentacle. 

Stomach with longitudinal folds. 

BostaMomen not separated from abdomen by any constriction. 

This contains the single species Fragaroides aur&ntiacum^ 
Maurice, from Tillefranche-sur-Mer (Med.). 

CinciJS-AniUM, G-iard^ 1872. 

Colony polymorphic, sessile. 

Systems absent or simple. 

Ascidiozooids with thorax, abdomen, and postabdomen. Bran- 
cbial aperture 8-lobed, atrial anterior. 

Branchial sac moderately large, no internal longitudinal bars. 

Sfomach-wall folded. 

Fostahdomen very long. 

This contains the species Gircmalium concrescensf^ Giard, 

* This subgeuus is moat closely related to Fragarkmi, and probably ought to 
be united with it. 

t According to Lahille, this is the Sidnyum tarhinatum of Savigny and 
of Forbes. 
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from tlie north coa^t of Prance and the ModiterraiicaBj whicli 
has several varioiioB, dillering from one another in th,e degree of 
concrescenco between the aseidio^iooids and systems and lobes of 
the colony. 

Zfn recogn-imhle Folt/elinida. 

Amarouemm f/lahrum, Ycrr. (.13. N. Am.) 

A. pallid'UMf Verr. (K. N. Am.) 

A. fcUmidim, Vorr, (E. N. Am.) 

A, atcUatimi^ Verr. (E. N. Am.) 

A. comiclkifitm, Vci*r. (E. N. Am.) 

A, (?). (N.W. Ear.) 

A. Aid. (N.W. tlar.) 

A, dmuhns, Qiard. (N.W. Eur.) 

A^Udmn nutam, Johnsfc, (N.W, Eur.) 

Macroclmmi cratv^, Verr. (E, N. Am.) 

Polyallmm succinemn, Aid. (N.W. Eur.) 

P. cerdmfome, Aid, (N.W. Eur.) 

Pamily IV. DIDEMNIDiE, Giard, 1872. 

Colony nsually flat, thin, and inernsting, rarely thick and 
massive, never pedunculated. 

Systems complicated and irregular, inconspicuous or absent. 
Common cloacal apertures usually conspicuous. 

Aseidiozooids rather small, divided into two regions — thorax 
aod abdomen. Branchial aperture 64oLcd ; atrial plain or pro- 
vided with an atrial languet. 

Test gelatinous or cartilaginous, usually eoniaining stellate 
calcareous spicules. Ectodermal processes well devalo|)ed 5 and 
j)rovidcd with muscle-fibres so as to form retractor muscles. 

Branchial sac small and not well developed. Hows of stigmata 
few, usually three or four (rarely six). 

Alimentary canal united to thorax by a narrow iiecdc. Stomach 
usually smooth-walled. 

Gonads placed alongside the intestinal loop. Ovary very 
simple; ova large. Male system consisting of a single largo 
testis, around which the first part of the vas deferens is coiled 
spirally. 

Gemmation from the pyloric region ; thorax and abdomen ot' 
the new ascidiozooid 'formed from separate buds. Embryonic 
blastogenesis rudimentary only. 
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The genera * in this family (which I use in the restricted sense, 
as not including Diplosomidse and Coeloeormidfe) may be dis- 
tinguished as follows 


r Colony thick and fleshy 
[ Colony thin, incrusting 
1 f Three rows of stigmata 
\ Four rows of stigmata 
r Four rows of stigmata 
I Six rows of stigmata . . 


.. Didemnum. 
Didemnoides. 
Leptoclinum. 
.... Encoelium. 


1 

2 


Didemntjm t, Bavigny^ 1816. 

Colony usually thick and fleshy, rarely thin and incrusting. 
AscidiozooidB with the atrial aperture on the dorsal edge of the 
thorax, often placed far back. Atrial siphon lohed or simple. 
ISFo atrial ianguet present. Branchial aperture 6-lohed. 

Test gelatinous or cartilaginous, usually not very hard or stiff. 
Stellate calcareous spicules are usually present. 

Branchial sac with three rows of stigmata. 

Tentacles eight in number. 

The species may be distinguished as follows : — 


f Test containing spicules 1 

[ Test with no spicules 2 

f Surface deeply cut up by corrugated sulci. 

2 j I), tortuosiim, v. Dr. (Med.) 

[ Surface not cut up 3 

^ f Colour yellow, with dark-brown spots. inarmatimi v. Dr. (Med.) 

\ Colour dull grey A. hi&rme, lierdm. (N. Atl.) 

f Branchial sac prolonged beyond third row of stigmata. 

1 \ D. yraphieum, Lab. (Med.) 

[ Branchial sac not prolonged 4 

f Colony white, yas deferens takes 8 turns. 

4 j ^ I), nivemn, Giard. (N.W. Ear.) 

[ Colony not white 5 

K f Colour yellow to brown (> 

\ Colour blue or greenish or dark grey 7 

n f Colour rich dark brown D. Savigfiii, Herdm. (? S. Atl.) 

[ Colour yellow and orange 8 

( Colour bright yellow, yas deferens takes 12 turns. [Med.) 


8 -j D. cmum J, Giard. (N.W. Eur., 

[ Colour orange 2). aiirantiacum, Herdm. (Aiistr.) 


^ LmocUmmij Terrill, containing two species (L, mcreum and A. te7ierum) 
from the east coast of N. America, is not sufficiently described, It will pro- 
bably come under Leptoclinim-, 
t Including Trididem7iim of Bella Talle. 

J According to Lahille, JO. sargassicola, Giard (with seyeral yarieties), is a 
yariety of this species. 
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r Colour grey-green, with transparent atirrace-ljiycr. 

7-1 P. bicoloTy V. Dr. (Med.) 

( Colo ur not green 0 

« f Colour .steel-blue ? J). lobatum, Crubc. (Med.) 

[ Colour dark grey to black D. fidUu\ Labillo. (Mod.) 

The following species cannot be placed : — 

TrldMomnum henda^ Della Valle. (Med.) 

Pkhmnum Griihei, v. Dr. (Mod.) 

1). mriolosim, Cnibe. (Med.) 

D. roseum (?), Dello Oli. (Med.) 

Didemnotdes, V071 DrascJie^ 1883. 

, Colotii/ thick and fleshy. 

Test containing stellate calcareous spicules. 

BrancJdal sac with 4 rows of stigmata. 

This genus, or subgenus, contains the following species : — 

{ Colour wine*red ; spicules numerous ...... P. macroopkoricm^\ v. Dr. (Med., 

[H.W. Eur.) 

Colour resinous yellow-brown ; spicules few. 

I), resmaceumt v. Dr. (Mod.) 

Leptoclikijm t, Milne-^Udwaris, 1841. 

Colony forming a hard, thin, incrusting layer, rarely thick and 
massive. 

Ascidiozooids with the atrial aperture on or near the anterior 
end of the body, and provided with a long atrial languot. 

Test very hard and firm, densely crowded with calcareous 
spicules. 

BrancJiial sac usually with four rows of stigmata, 

This genus contains a very large number of so-called s])ee 3 CSs 
of which, ho\vever, 3 iianj may be merely synonyms or varieties, or 
merely local and seasonal conditions. The deBcriptioiis of tlio 
majority of these are so imperfect, that it is impossible to do 
more than give a list, with an indication of aiiy nolcw'orihy 
character and of the geographical distribution. 

Leptodinum M.-Edw. (N.W. Ear., Med.) 

L. eoccineum, v. Dr. (Med.) 

L. commune^ D. Valle. (Med.) 

L. emnabaj'mumi Grube. (Med.) 


* Pkhnmim ruhelhm^ Grube, may be this species, 
t Including Tetradidemnum of Della Valle. 
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LepfocUmm cmdidum, Sav. (Hed S., Med.) 

L. Laaadi, Giard. (N.W. Eur.) [Vas deferens has only 2 or 3 turns.] 
L. mamdatum, M.-Edw. (JN'.W. Eur., Med.) [Vas def. lias 12 turns.] ‘ 
L. marginatum, v. Dr. (Med.) 

L, co7'iamm, v. Dr. (Med.) 

L. gclatinosum, M,-Edw. (jST.W. Eur., Med.) 

L. granulosum, v. Dr. (Med.) 

L. asperum, M.-Edw. (N.W. Eur., Med.) 

L. deniatum, D. Yalle. (Med.) 

L. exaratmn, Grube. (Med.) 

L. tridcntatimi, v. Dr. (Med.) 

L. durum, M.-Edw. (!N.W. Eur., Med.) 

X. -persgjicmm, Giard. (N.W. Eur.) 

L. perforatum, Giard. (N.W. Eur.) 

L. tonga, Herdm, (S. Pac.) 

L. MoseUyi, Herdm. (Mai.) 

L. speciosum, Herdm. (?». Atl.) 

L, amiectens, Herdm. (S. All.) 

X, teime, Herdm. (S. Pac., H. Atl.) 

X. propinqitim, Herdm. (Mag.) 

X. ncgUctum, Herdm. (?) 

X. alhidim, Verr. (E. N. Am., Atl.) 

X. liiUolim, Verr. (E. N. Am.) 

X. rndfammi, Herdm, (A. Arct.) 

X. Jeffrey si, Herdm. (A. Atl.) 

X. Carpentcri, Herdm. (?N. Atl.) 

X. Tkojnsoni, Herdm. (? N. Atl) 

X. Edwardsi, Herdm. (S. Atl.) 

L, japonicum, llQvdm, (Jap.) 

X. JaeJmni, Herdm. (Austr.) 

X, ruhlmndum, Herdm. (A. Arct) [Colour yellow to rust»brown.] 
Tetradidcmmm gigas, D. Valle. (Med.) 

EiicxUnm parasiticum, Giard. (N. W. Eur.) 


Evccglium, Savigny, 1816. 

Colony tliiU; incrusting; common cloacal apertures visible, 
slit-like. 

Test filled with markedly stellate calcareous spicules. 

Mantle tbiii and transparent. 

Ascidiozooids witli the brancliial aperture circular or imper- 
fectly lobed ; atrial small, indistinct. 

Branchial sac with. 6 rows of stigmata. 

Alimentary canal witk a small swelling on the intestine behind 
the stomach. 

The only species that with certainty belongs to this genus is 
um. ;rouBF.— ZOOLOGY, yol. xxiii. 45 
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HucaiUum JwspUiolum, Sav., from tlio Eod frSea and l;lio Moditor- 
raunan j but tlin following have boon placud uudci* JlijuccGlitcui • ■ 

K mmmii G-riibe, (Med.) 

E, parcmticiiMf G-iard. (N.W. lilur.) [A Lff^oolluicm.} 

E. crooeun, Bdsao. (Atcd.) 

E. Jlauidmij Eisso. (Mod.) 

E, siihgcAithiosuMf D. Oh. (Aled.) 

E. meimi, D. Olx. (Mod.) 


Family Y. DIPLOSOMIDiE, Glard, 1871. 

Colony forming a tliia iucrusting layer, rarely iluckeiied, never 
pedunculated. 

^ysiems irregular, usually inconspicuous* Conimoii cloacal 
apertures usually visible. 

Ascidiozookh divided into two distinct regions, thorax and 
abdomen. 

Test soft and gelatinous, usually transparent, soiuetimes pig- 
mented, rarely containing calcareous spicules. Vascular ecto- 
dei^naal appendages provided witt muscle fibres penetrating the 
test. 

Branchial me large, wdth four rows of stigmata. 

Dorsal lamina represented by large languets. 

Alimentary canal extending behind the branchial sac. Stomach 
smooth-walled. 

Gonads behind the intestinal loop or on its right side. Testis 
forming more tliaii one mass. Vas deferens not coiled spirally. 

Gemmation pyloric. Larva gemmiparous. 

Tliere are two distinct genera : — 

f With calcareous spicules in the test Diplosoixioides. 

\ With 110 siiicules in the tost Diplosoxna, 

DiniosOEOinns % Eerdmdn, 18SG, 

Colony usually thin and incrusting, sometimes only slightly 
attached. 

Test gelatinous, sometimes fli-m externally, more or less opaque 
and of a whitish colour. Calcareous stellate spicules ])resent in 
the superficial layer. Otherwise as Dijilosoma, 

* Labillo has recently used this genus in a new and totally distinct sciiso, 
and therefor© the species he refers to l)ij)h$omoida are not related to luy 
^eoies, 
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There are two species kuowii to me : — 

f With a group of spicules on each side of thorax. [(Med.) 

j D. pseiidoleptoelinum, v. Br. 

[ With no such thoracic groups of spicules. D. molle, Herdoi. (Mai.) 

Diplosoma % Macdonald^ 1858. 

Colony tisiiallj thin and incrusting, rarely thick. 

Bi/stems irregular. Common cloacal apertures rounded. 
Ascidiozoouh divided into thorax and abdomen. Branchial 
aperture usually 6-lobed, atrial a simple aj)erture. 

Test soft, gelatinous, usually transparent, sometimes pigmented, 
never with calcareous spicules. Containing muscular processes 
from the ascidiozooids. 

Branchial sac large, with four rows of stigmata. 

Alimentary canal moderately large. Stomach ellipsoidal and 
smootli-walled. 

Go?iads close to the intestinal loop. Yas deferens straight. 
Gemmation pyloric. Larva gemmiparous. 

The following species (?) can be distinguished in the genus 
Biplosoma : — 

f Branchial aperture G-lobed 1 

\ Branchial aperture circular, lobes absent or small 2 

( Test pigmented D. sjjunaiformc, Giard. (N.W. 

2] [Eur.&Med.) 

[ Test not pigmented B. Macdonaldi, Herdm. (8. At l.) 


^ f Colony thin, incrusting..... 3 

[ Colony thick, fleshy 4 


r Larva forms 2 ascidiozooids 1), Bayntri, Maodon. (Ausir.) 

3 ■ Larva forms 3 ascidiozooids B. crmtallmim, Giard. (N.W. 

[ [Eur. & Med.) 

^ f Colour grey or dark green B. chcmcekmi, y. Br. (Me.d.) 

I Colour yellow-brown J). caruosam, y. Br, (Med.) 

The following names haye also been used for forms coming 
under this genus, but are either synonyms of some of the above 
or ax^e so imperfectly known that they cannot be placed: — 

B. gelatinosivm^ M.-Bdw. (H.W, Eur.) 

B. Lwterkimmh Bella Yalle. (Med.) 

B. Koehierianmi, Lahillc. (N.W. Eur.) 

B. fwidatum, Eorb. (N.W. Eur.) 

B. zostemnm, J ourclain. (N.W. Eur.) 

B. gyrosim, Griibe. (Med.) 

B. Listen, Lahille. (N.W. Eur.) 

^ Including Asiellium, Giard; BrevistelUmi, Joiirdain ; Bseidodhlanimm^ 
Giard. 


45 ^ 
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family VI. CCELOOORMIDil.?, IMman, 188(1 

Colony massive, deeply concave on tlic upper surface, not 
attached. 

Aseidio^oouh largo, scattered all over the siirfixce. ’.Branchial 
apertures 5-lol),ed, 

ITest .soft and gelatinous. Test-cells numerous. Calcareous 
spicules present in the outer Layer o£ the colony. 

BrancMal sm large and well developed. 

Dorsal lamina represented by a series of langucts. 

Almentary canal extending beyond the branchial sac pos- 
teriorly, hut not forming a distinct abdomen. Stomach smooth- 
walled* 

Gonads hermaphrodite in the adult ascicliozooid. Testis com- 
posed of a number of pyriform vesicles, which join a spirally 
coiled vas deferens. 

This family contains the single genus Cmlocornms, 
CcELOOOBMXJS, Serdman^ 1886. 

Colony massive, but not attached ; deeply concave on the upper 
surface, so as to contain a large central cavity. 

Ascidiozooids large, not distinctly divided into regions ; 
branchial aperture 5-lobed. 

Test soft and gelatinous. Test-cells numerous and largo. No 
bladder-cells. Calcareous spicmles present in the superficial 
layer. 

Branchial sac large. Stigmata very long and narrow. 

Dorsal lamina represented by a series of long trianguJar 
languets. 

Tentacles well developed. 

Alimentary canal extending beyond tine branchial me ])ob- 
teriorly, but not forming a distinct abdomen. Stomach smootli- 
walled. 

Gonads not large. Ovary only present in tlic adult ascidiozooid. 
Testis formed of a nuinher of spermatic vesicles. Vas deferens 
spirally coiled. 

One species, Coelocormtis Huxhyi^ Herdm., from the S. Atlantic 
at a depth of 000 fathoms. 
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Fumilj VII. POLTSTYELIDiE, Herdman, 1886. 

Colony massive or iiicrusting. sessile, rarely pedunculated, or 
formed of small masses connected by stolons. Ho eommoii 
eloacal cavities present. 

Ascidiozooids large and usually sbort-bodied, rarely -with a 
distinct abdomen. Both apertures I-lobed, and opening directly 
to the exterior. 

Test firm and cartilaginous. Matrix generally fibrillated, test- 
cells small and inconspicuous, bladder-cells rarely or never 
present. Vessels abundant, branched, and provided with dis- 
tinct terminal bulbs. 

BrancJiiad sac large and well developed. Folds sometimes 
present. Internal longitudinal bars strong and fairly numerous. 

Dorsal lamina in tbe form of a plain membrane. 

Tentacles numerous, simple. 

Alimentary canal usually placed alongside the branchial sac, 
rarely extending beyond it posteriorly. 

Gonads in the form of poly carps attached to, or imbedded in, 
the mantle, and projecting into the peribranchial cavity. 

Gemmation effected by means of the vascular prolongations 
from the ascidiozooids into the common test (?), " 

The genera which have been referred to this family may be 
distinguished as follows : — 


f Asoifliozooids projecting above surface of colony 1 

[ Ascidiozooids completely embedded in common test 2 

. f Abdomen as loiig as tbe thorax Thylacium. 

[K'o abdomen present Polystyela. 

c) f Colony formed of small masses united by stolons. Chorizocormus. 

^ \ Cijiony not broken up into musses and stolons 3 

« ! Colony thick and massive 4 

I CAony thin and incrusting Synstyela, 

^ f Test incrusted with sand Oculinaria 

I Test not (or very slightly) iucrusted with sand..,. Goodsiiia. 


Thylacium, Garus, 1850. 

Colony formed of individuals projecting from a common fleshy 
base. 

* This genus is only imperfectly known. The description is insulficleiit. 
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Jseidmooid liaving iho body divided iiii.o thorax and abdomein 
Brancdiial and atrial aperlairos 4-lobecl. 

Two spcxdc^H have been, brieily dewcidbed, bnt I am riria1:)Ie a.t 
present to liiid any cliaracter xvliitdi will s(‘]>ai*atc ibeym f/l 
twm, Cams (N.W . Ear.) ; Z Konmini, ildcn^ (N. W. Ear.). 


PoLTSTrELA Oiafi^ iB^d. 

Colony consisting of a basal part from which the ascidiozooids 
project. 

Asci(Uo:iooids not divided into thorax and abdomen (?). 

Only one species is known, Polysfyela Lmmn*, Giard,frointho 
coast of France. 


CiionizooonMus, Ilcrdmmi^ 18S0. 

• Colony consisting of a nmuber of distinct masses of small size 
“united by irregular branched stolons. 

Ascklmooiih placed either singly o.r in small groups in the 
tost. "When more than one are present, they do not project 
above the general level. The body is not divided into thorax 
and abdomen. 

Test relatively small in amount, slightly incrusted with saiuh 
Test'-cells few, and bladder-cells absent. Vessels present in the 
test and stolon^, 

Brandi ial sae well developed. Eudimciitary folds present. 
Internal longitudinal bars strong. 

Dorsal lamina in the form of a plain narrow membrane. 

Te-nfades^ well developed. 

Alimentary canal not prolonged behind tlie branchial sac. 

Gonads in the form of poly carps. 

Only one species, OJwnzoeormus reiicidahu% Iferdm., has Ikhui 
described, but I have examined three other now species from 
Australia, so I include tliem in the following table 


r With rudimentary foltla in the branclunl nm, 

1 “ . C, re‘titntkii{,% ITorchru (A. .Arcl;,) 

[ With no rudimoiitary folds 


. r With more than 20 atrial toiitaclos, 0, ^ydneyenm, n. Bp. (Aub(,i’.) 
[ At rial tentacles not more than 20 


( With 7 rows of stigmata, and 16 branclunl tentaedes. 

0, lencophtrm, ri. sp. (Ausir.) 
With 10 rows of stigmata, and 10 branchial tontucles. 

C\ mbfnmis,n, Bp, (Austr.) 


1 

9 


^ Possibly not distinct from Th/lamm, 
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Synstyela, Giard, 1874 

Cohmj thin and incrusting. 

Ascicliozooids large and closely placed, completely imbedded in 
tlie common test. Body not divided into thorns: and abdomen. 

Test relatively small in amount. Matrix sometimes fibrillated; 
test-cells small ; bladder-cells absent; vessels present. 

Brancliial sac well developed. Eudimentary folds present. 
Internal longitudinal bars well marked. 

Dorsal lamina in the form of a plain membrane. 

Tentacles well developed. 

Alimentary canal not prolonged behind the branchial sac. 
Stomach folded longitudinally. 

Gonads in the form of polycarps attached to the mantle. 

Two species of Synsfyela are known : — 

r Flesh -colour, marked with red 8. mriegata^, Aid. (N.W. Eiir.) 

■j Light grey, with bluish and pink tints. [Mai.) 

[ 8, incrusians, Herdm. (Mag. & 


Goobsibia, Cunningham^ 1871. 

Colony massive, sessile or pedunculated, not incrusted with 
sand. 

Ascidiozooids large and ovate in shape, completely imbedded 
in the common test; not divided into thorax and abdomen. 
Apertures 4-lobed, both on the anterior end. 

Test solid, cartilaginous, not sandy. Matrix delicately fibril- 
lated. Vessels present. 

Drancliial sae well developed ; folds present, rudimentary, or 
abse:ot ; internal longitudinal bars always present. 

Dorsal lamina in the form of a plain membrane. 

Alimentary canal not prolonged behind the branchial sac. 
Stomach folded longitudinally. 

Gonads in the form of poly carps. 

The species of Goodsiria may be distinguished thus : — 

(' Test somewhat sandy ; ascidiozooids elongated. 

1 6^. n. sp. (Austr.) 

I Test not sandy ; ascidiozooids rounded 1 


^ Possibly Giard’s Bymtycla from the French coast mpy be distinct from this 
British species. 
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fBOTncliial sac folded ; colony (liaeoicl. placenta^ Ilerclni. (S. Atl.) 

I Bmncliial sac not folded; colony nofc diBCoid 

{ Colony roiindod or pyriform, pediuiculafed. 

Q. peilmmdaia^ Ilerclm. (S. At!., 

Colony elongated or irregular, sessile. 

(?. cocoinea, Ounii. (Mag.) 


2 


OciTLiifAiiTA, Graij, 1868. 

Colony massive, erect, elougated. 

Test solid, containing sand-grains. 

AscicUozooids completely imbedded in tbc test. 

This imperfectly described genus contains a single species, 
Ociilimria australis^ Gray, from tlie western coast of Australia. 


. Suborder III. ASQIBIAH LTTCIJB, Sav., 1816. 

(Asc. Salpifobmes, Amt), 

This group contains free-swimming pelagic Ascidians which 
reproduce by gemmation so as to produce colonies having the 
form of a hollow cylinder closed at one end. The aseidiozooids 
forming the colony are embedded in the common test in such a 
manner that the branchial apertures all open on the outer sur- 
face, md the atrial apertures on the inner surface next to the 
central cavity of the colony. The first four ascicliozooids are 
produced by gemmation from a rudimentary larva (the eyatlio- 
zooid) developed sexually. 

The Ascidim Lucim include a single family, the Pyrosomidm, 
containing one well-marked geuus, Tyrosoma, 

Pamily PXEOSOMIDJE, T II Jones, 3818. 

Colony free-swimming, and having the form of a hollow cylinder 
closed at one end. 

. Systems — only one present, the terminal aperture of the colony 
being the common cloacal opening. 

Ascidiozooids elongated antero-posteriorly, and placed in a 
single layer with their branchial apertures opening on ilio surface 
of the colony, and their atrial apertures into the axial tube oi* 
common cloaca. Body of ascidiozooid not divided externally 
into- regions. Apertures not lobed, 

■ Test gelatinous and transparent, containing no spicules, but 
many small cells. 

Branchial sac well developed, not folded. Consisting of 
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tiHHieroiis transverse vessels separated by narrow slits (the stig- 
nmla) and numerous internal longitudinal bars. 

Tentacles present; simple. 

Dorsal lamina in the form of languets. 

Alime'ntar}i canal placed posteriorly to the branchial sac. 

situated in the w^all of the pei ibranchial cavity, pos- 
terior to the branchial sac. The embryo becomes a rudimentary 
larva (the cyathozooid), which gives rise to the first ascidiozooids 
of the colony. 

Gemmation tabes place frona a ventral and posteriorly- placed 
stolon. 

This family contains the single genus Fyrosoma^ which may be 
characterized as follow^s : — 

Pykosoma, Deron^ 180 d. 

Colony free-swimming, and having the form of a cylinder with 
a large axial cavity closed at one end and open at the other. 

Systems — only one present, the terminal aperture of the colony 
being the single common cloacal opening, and the axial cavity 
the common cdoaca. 

Ascidiozooids elongated antero-posteriorly, and placed in a 
single layer with their anterior ends external and their posterior 
ends internal. Branchial apertures anterior, opening on the 
surface of the colony. Atrial apertures posterior, opening into 
tlie centrally-placed common cloaca. Body not divided ex- 
ternally into thorax and abdomen. Apertures not lobed. 

Test gelatinous and transparent, containing numerous stellate 
branched cells. 

Branchial sac well developed, not folded, and not extending to 
the posterior end of the body. Vessels of two kinds — traiis- 
'verse vessels which are numerous and closely placed, leaving 
elongated slits between, which are directed transversely to the 
aiitero-posterior axis of the body; and longitudinal vessels, 
which are not quite so numerous, and cross the transverse vessels 
so as to form small quadrangular meshes. 

Tentacles simple, one ventrally placed larger than the rest. 

Dorsal lamina represented by a series of eight or more taper- 
ing languets. 

• Dorsal tulercle with a simple aperture. 

Alimentary canal short and simple, placed posteriorly to the 
branchial sac. 
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Gonads liermaplirodite, placed pcHteriorl j to tlie braiicliial sa,c, 
ill diverticula of ilio peribraiichial cavity, 

Gemmation from a ventrally-plaeed stolon, formed at Oio 
poBtcrior cud of the endostyle. 

Tlie following is a scheme of the known species of Ffrosoma. 
P. atlaniicnm and ]?. giganteum arc, liowcvcr, such clostdy related 
forms, that a number of characters have to be taken into account 
in distinguishing between them. I know of no one good 
cliaracter by which these two species can be separated : — 

i Ascidiozooicls arranged in regular verticils. 

\ 1\ ekg(X'}},% Lcs. (AtL, Mod.) 

1 Aseidiozooids arranged irregularly 1 

f Surface of the colony provided vdlh short sharp spines only. 

1 j jI\ sphioHum., Ilcrdin, (Atl.) 

I Surface of the colony provided with large processes of the test 2 

1 Colony conical, processes of test aiihuhitc or conical. 

JP, ailunticum, Peron. (Ail.) 

Colony cylindrical, processes of test flattened tind lanceolate at their 

free ends IK giganteiim*,LQ^> (All., M,cd., 

[A. Arct., Mai.) 

Order II. THALIACEA (Sav.), v. il Iloeven. 

The Thaliacea are free-swimming pelagic forms, whicli may be 
either simple or compound, and, in the adult, are never provided 
with a tail or a notochord. 

The test is permanent, and may be either well developed or 
very slight. 

The imisculatiiro of the mantle is in tlie form of more or less 
‘complete circular bands, by the contraction of which locumotion 
is effected. 

The branchial sac has cithex" two large or many small apertures 
(siiginatn), leading to a single peribrancdiial cavity which com- 
municates with the exterior by tbo atrial aperture. 

Tlie anus opens into the pcribranchial cavity. 

Alternation of generations occurs in the life-history, and may 
be complicated by polymorphism. 

This order includes all the pelagic Tunicata with the exception 
,of iPgrosoma and the Appendiculariitlm. It seems a natural 

* It must be remembered that P. gigrmtemn is not the largest species. 
P. ' 82 nno$mn, discovered during the * Chalkmgcr ^ ISxpedition, is many times 
larger than Lesueur’s species. 
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well-defined group, characterized amongst the free-switBraing 
forms hj the absence of a tail and a notochord in the adult, and 
by the occurrence of alternation of generations in the life-history. 
Temporary colonies may be formed at one stage in the life- 
history, but they never increase in size by gemmation from the 
aseidiozooids, which eventually separate from one another. Thisy 
along with the alternation of generations, distinguishes the 
Thaliacea from the Ascidim Lucias Salpiformes), and the absence 
of a tail and notochord separates them from the Larvacea. 

The Thaliacea may be divided into two groups, the Cyclomy- 
aria and the Hemimyaria. 

Suborder I. GYCLOMYABIA (Krohn), IJljanin, 1S84. 

Tree-swimming pelagic forms which exhibit alternation of 
generations in their life-history, but never form permanent 
colonies. 

The body is cast-shaped, with the branchial and atrial apertures 
at the opposite ends. The test is more or less well-developed. 

The mantle has its musculature in the form of circular bands 
surrounding the body. 

The branchial sac is fairly large, occupying the anterior half 
or more of tbe body. It has distinct walls, and the small slit- 
like stigmata are usually present in its posterior part only. The 
peribranehial cavity is mainly posterior to the branchial sac. 

The alimentary canal is placed close to the posterior end of the 
branchial sac. 

Hermaphrodite reproductive organs are placed ventrally near 
the intestine. 

The sexual generation in the life-history is always polymor- 
phic. 

This suborder contains a single family only. 

Pamily DOLlOLID-iE, Kefentem^ 1862. 

Body free, more or less barrel-shaped ; branchial, and atrial 
apertures terminal and lobed. 

Teat rather slightly developed. 

containing transverse muscle-bands, which form hoops 
surrounding the body. 

Branchial me well developed. Stigmata not numerous, gene- 
rally placed far back. 

Dorsal lamina and teiitacles absent. 
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AlimeMiary canal at tlie posterior end of tlio brancliial sac* 

Gomis licrmaplirodito. 

Germnation tabes place. 

LifeAiutory complicated bj alternation of generations and 
polymorphism. 

This family contains two genera, which may be distijigiiishecl 
as follows : — 

All tlio muscles in the form of encircling hoops Dolioltun. 

The musculature reduced to 2 hoops at each end and two lateral 
vS-shaped bands iLnclainia* 

Boliolum, Qiloy and Gaimard^ 1835. 

Body always more or less barrel-shaped, not attached, and 
never formiog a colony. Branchial aperture at the anterior end, 
atrial at the posterior, both surrounded by lobes. 

Ted very thin, containing no test-cells. 

Mantle containing w'ell-deyeloped, transversely arranged 
imascle-batids, which in the fully developed sexual animal are 
always eight in number. They surround the body like hoops, 

BrariGliial me usually of moderate size, occupying the anterior 
half or three-quarters of the body. Its wall contains transverse 
and fine longitudinal vessels, separated by stigmata, but no 
internal longitudinal bars, and it is never folded. The stigmata 
are placed transversely, and vary in niimbor from five to fifty or 
more on each side of the sac. 

Dorsal lamina and tentacles absent, 

.Nevde-ganglion placed in the median dorsal line, a little ante- 
rior to the middle of the body, and between the third and fourth 
muscle- bands. 

Dorsal tuhercle placed some distance in front of tlio nerve- 
ganglion, and surrounded by the spirally-coiled dorsal ends of 
the pori])haryngoal bands. 

Alimentary canal placed ventrally, behind tho branchial sac. 

Gonads ventral, opening into the peribrauchiul cavity near to 
the anus. 

A tailed larva is formed, which develops into an asexual form, 
the blastozooid, the buds from which are polymorpbic, giving 
rise to {a) nutritive forms, the. gastrozooids ; (i) foster-forms, 
the phorozooids j and (c) reproductive forms, the gonozooids. 
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Nine species of BoUolim are known, wliick may be distin- 
guislied as follows : — 


1 

3 


2 


4 


5 

0 


7 


( Branchial sac with only a few stigmata at its posterior end, forming 

a straight line 

Branchial sac with numerous stigmata extending along the greater 

part of its length, and forming a ciuwed line * 

r Only 5 pairs of stigmata B. rarum, G-robben. (Alecl.) 

\ At least 10 pairs of stigmata 

f 10-12 pairs of stigmata JD. Mull&ri^ Kr. (Med.) 

\ 25 pairs of stigmata J). Krohni, Herclm. (S. Fac.) 

r Stigmata starting dorsallynear the 1st muscle-band 

( No stigmata reaching to the 1st muscle-band dorsally 

' Stigmata reaching to the 1st muscle-hand ventrally. [Med.) 

JD, Ekrenbergi, Xi\ (S. Fac., AtL, 
No stigmata in front of the 3rd muscle-band Tentrally. 

JD, affme, Herdm. (Fac.) 

f Stigmata starting dorsally about the 2nd muscle-band 

[ Stigmata starting dorsally behind the 3rd muscle-band 

( Stigmata reaching back to the 5th muscle-band. 

JD. ChaUengeri, Herdm. (Fac.) 

Stigmata reaching back to the 6th muscle-band. [& AtL) 

JD. denticulatum, Q. k G. (S. Fac. 

( Stigmata reaching only to the 5th muscle-band xentrally. 

D. Gegenhauri, TJlj. (Austr., Med.) 
Stigmata reaching nearly to the 4th muscle-band centrally. 

JD. tritojiis, Herdm. (N, Atl.) 


1 

2 

3 

4 

5 


6 

7 


Anchinia"^ (JEsclisclioltz, 1835), 0. Vogt* 

Bodg rounded, somew^hat elongated dorso-ventrally, not 
attached, and not forming a colony. Branchial aperture anterior, 
atrial posterior, both lobed* 

Test ^Ye]l developed, containing branched test-cells. 

Mantle having only 2 anterior and 2 posterior ring-like muscle- 
bands, and an S-sbaped baud on each side in the middle. 

having only an oblique row’ of stigmata at its 

posterior end. 

Alimentary canal forming a U-shaped loop. 

Qonads placed on the right side of the body. 

The life-history, so far as is knowm, is similar to that of 
JDoUoIum^ but the three forms of the polymorphic sexual gene- 
ration do not occur together on one stolon or outgrowth, but are 
produced successively. 

There is only one species known, Anclmiia ruh'a, Vogt, from 
the Mediterranean. 


^ The JDoMopsis of 0. Yogt, 
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Suborder II. IIEMIMYAniA, llerdman, 18S8. 

Free-swimming pelagic forms which oxliibit alternation of 
generations in their life-history, and in tlie sexual condition form 
temporary colonies. 

The body is more or less fusiform, with tiio long axis antero- 
posterior, and the braiichitil and atrial apertures nearly terminal. 

The test is well developed. 

The musculature of the mantle is in the form of a series of 
transverscly-runjiing bands, which do not form complete and 
independent rings, as in the Cycloiuyaria. The braucliial and 
pcribrancliial cavities form a continuous space in the interior of 
the body, opening externally by the braiichlal and atrial apertures, 
and traversed obliquely from the dorsal and anterior end to 
the ventral and posterior by a long narrow vascular band which 
represents the dorsal lamina, the dorsal blood-vessel, and the 
neighbouring part of the dorsal edge of the branchial sac of an 
ordinary Ascidian. 

The alimentary canal is placed ventrally. It may be either 
stretched out, so as to extend for some distance anteriorly, or, as is 
more usual, be concentrated to form, along with the reproductive 
organs, a rounded opaque mass near the posterior end of the 
body, known as the visceral mass or “ nucleus.” 

The embryonic development is direct, no tailed larva being 
formed. 

This suborder includes two very distinct families, the Salpldm, 
which contains tlie typical members of the group, and the ()(?ta«- 
cncinida3, including a single very reniarkablo form {Ocimrnemias 
hj/fhhk% M'oseley), which in some respects does not conform with 
the characters given above. 

Family I. SAL'PlDiE, Forhes, 185Ji 

Mil/ not attached, elongated ; bnmclual and atrial apertures 
at the opposite ends, 

^Zbsifw'eli developed, gelatinous or cartilaginous. 

Mantle with well-marked muscle-bands, wdvich, however, do 
not form complete rings, but are wanting Tontrally. 

Mranelnal and /perihrancliial cavitm forming a large central 
space opening to the exterior at botli ends. Side w'alls of branchial 
sac not developed. At most only a few imperfect or rudimentary 
stigmata found along the dorsal edge. 
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Dorsal lamina ia tlie form of avascular ciliated baud traversiug 
the central cavity obliquely. 

AUnientary canal usually forming a small coiled mass placed 
posteriorly and ventrally. 

Gonads hermaphrodite, hut ova and spermatozoa not mature' 
together. 

Be^roduction also takes place by gemmaciou, and alternation 
o£ generations occurs in the life-liistory. 

The embryo develops in an incubatory pouch. No tailed larva 
is formed. 

This family includes two very distinct groups of species usually 
recognized as the genera Salpa and Gyclosalpa ; but Laliille has 
recently broken the former up into four sections or subgenera, 
and I believe it will be convenient to follow that course. 

f Alimeatary canal extended, no “ nucleus,” “ chains ” circular. 

j Cyclosalpa. 

[ Alimentary canal coiled to form a nucleus,” '‘chains ” ribbon -like ... 1 


(' Several embryos formed at a time lasis. 

\ One embryo only at a time 2 

r The embryo covered Salpa. 

^ \ The embryo exposed 3 

Q f The dorsal lamina or “ gill” having only ciliated bands Thalia. 

\ The “gill ” having rudimentary stigmata Pegea. 


Gyclosalpa, Blainville, 1827. 

Alimentary canal running antero-posteriorly, and not coiled 
up to form a “ nucleus.” 

Gemmation results in the formation of a chain of aggregated 
forms attached together in a circle. 

In other particulars like Salpa. 

This genus contains the following tliree species : — 

[■ With linear pigmented bands on donsal edge. 

1 C'. 2 ^hmata, Forsk . ( Atl, , Pac. , Med. ) 

I With no sucb bands 1 

( Aggregated form has atrial aperture terminal, posterior. Solitary form 
with no longitudinal muscles (7. Cham. (AtL, Pac., Med.) 

Aggregated form Ims atrial aperture dorsal, Solitary form with four 

longitudinal muscles C\ doUchosafna-vln/ida, Tod.- Vogt. 

[(Med.) 

S^LPA, Forsm, 1775. 

Body not attached, elongated, with the apertures at the oppo- 
site ends. 

Test gelatinous or cartilaginous ; transparent. 

Alanth with muscle-bands which are more or less incomplete 
ventrally. 
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BrmicMd sac opening freely into tlio peribrancliial cavity ; 
no lateral walls ; at most some rudimentary stigmata along dorsal 
edge. 

Dorsal lamina in the form of a vascular band marking tie 
junction of branchial and atrial sacs. 

Aliment anj canal coiled up to form a small opaque mass placed 
posteriori}^ and ventrally, and usually known as the “ niieJeus.” 

Chain of agtjre^aied forms in the shape of an elongated ribhon- 
like band. 

One emhryo developed at a time, and covered. 

This genus has had a nniuher of species referred to it, amongst 
which the following are sulliciently known to be distinguished 

r Aggregate forms with only 4 transverse miisclc-buncls. 

■j ^ B. pimchda, Porsk. (AtL, Alod.) 

I Aggregate forms with 5 or G rausele-bamls * 1 

r Aggregate forms with 5 musclo-hands. 

1 ' B. cylmdrlca, Guv. (AtL, Pao., A. Arcfc.) 

Aggregate forms with G muscle-bands 2 

"Descending branches of 4th and 5th muscles approximated on each side, 

^ rundnata-’fiwformiSj Oham.-Ouv. (Atl, Mod., Pao., 1. 0., M al., A. Arct. ) 
" Descending branches of 4tli and 5tii muscles not approximated. 

B, afrioana-mamm Porsk. (Atl, Ind. 0., Mod,, A. Arct.) 

The solitary form of 8. runcmatafusiformis is easily distin- 
guished by the short spinose projections from the posterior end ; 
while S» oylindrica and 8. africa^m'-maxima (which have no such 
processes) ditfer from one another in tlieir inuscdes, those of the 
latter species being all parallel, while in 8, cyUndrka the four 
anterior approximate dorsally. 

Tualxa, Bliimenlach, 1810, 

Branchial sac having only ciliated bauds along its dorsal edge. 
Almentarff canal closely coiled up to form a nucleus,^’ 
Gemmation results in a ribbo,u-like band of aggregaiicd forms* 
Single embryo devclo()s at a time. It is not covered, 

In other particulars like Salpa. 

This section includes only tlio specicB Thalia democmika- 
mucronataf^ Forsk. (Ail., Pac., Ind. 0., Med,, Mak, Austr,), and 
the vaiuety/f^xyoW^^hm, Traust. (Atl. and Ind. ().), distinguished 
by the very long tapering processes at the posterior end of tlie 
body in the solitary form. 

Balpa mollis j Iterdm. (S. Pao.), is probably allied to this species, but 
cannot ba placed with certainty. 

t Balpa nitida, Hardin. (Pac.), is probably closely related to this spocies. 
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Peoea, 8amgny^ 1816. 

Branchial sac having rudimentary stigmata on its dorsal 
edge, alongside tlie dorsal lamina. 

Alimentartf canal coiled up to form a “ nucdeus.” 

Gemmation results in a ribbon-like band of aggregated forms. 
Single enibrijo develops at a time. Tt is not covered. 

Jn other particulars like Saif a. 

This section contains the single species Fegea soutigera- 
confwderata*, Cuv.-Forsk. (A.tl., Pac., Ind. 0., Med.). 


lASist {Savigny, 1816), Lahille, 1890. 

Alimentary canal closely coiled up to form a “ nucleus.'’ 
Gemmation results in a ribbon-like band of aggregated forms. 
JSmbryos 2 or 3 in number at a time. 

In other particulars like Saif a. 

This section includes three species : — 

fWith no large appendages at posterior end in solitary form. Aggre- 
gated form with anterior end narrower than posterior. 

L cordifonjiis-zonaHa^ Q. & G.-PalL 
' [(Atl., lad. 0., Pae., Med.) 

With a pair of large appendages at posterior end in sol. form. 

Agg. form with anterior end wide 1 

( Appendages plain, directed laterally, no longit. ridges on test. Agg. 

( form with aperts. terminal. L costata-TUmif Q. & G.-Cuv, (Atl.) 
li [Ind. 0., Pac., Med.) 

I Appendages serrated, directed posteriorly and terminating longitudinal 
h ridges of test. Agg. form with apertures dorsal 2 

[ Muscle-bands wider than the interspaces in agg. form. 

/. Q. & G. (Pac., Ind. O.) 

Muscle-bands much narrower than interspaces ; only agg. form knowm. 

I. niiidaj Herdm. (Pac.) 

Moat of the x'eraaining species of Salpidsc which have been de- 
scribed or figured have been shown by Traustedt, or others, to 


^ Salpa quadrata, Herdm. (N. Atl.), appears to be closely related to this 
species. The single ‘ Challenger ’ specimen (sol. form) had a remarkable club- 
shaped dorsal lamina ; but that may be an individual abnormality, 
t This, however, is not the la, da of Savigny, the typo of which was Sedpa 
cylindrwa. 

J Balpd nmsculosa, Herdm. (AtL), and 8. echinata, Herdm. (Atl, Pae,), are 
probably clcselj allied to tliia species ; but as the condition of their embryos is 
not known, they cannot be placed with certainty in this genus. The solitary 
forms only are known, and they differ in several particulars from that of 
lam hexagom. 

link. ZOOhOOT, TOTi» XXTTT. 
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W. V. JtK'VTHI,:!? 


I?f.h 


Hf' ?fitifv- It ‘SH tM^rfainly Nvnoiiyins (>r (lihrr of the |mv 

or, Ilf}. r ‘ritf lolinwiiij^, howov o.r, unj iniDorfectly known, 

tioiihfittl -jini may Koiiin of tlieni l)CMliHiiiiot 

: 

Stt'im. iVliWi'it. (A. Arc(..) 

‘Oifkdipii.iru^ lA'r, & (Ail.) 

\ (!h{iHi, (N. Ptut,) , 

\ (Alnl.) 

A'. t:iiy}ftra, C’h. (Mt'd.) 

S, di(hi\f^ l^iK'un. (N. l*ac.) 

•S'. # Q, (I. (ra,c.) 

S. hornht, DalL (N. Ail.) 

»S. {}. (I (i’fje.) 

’S, litw. (?) 

(Pae.) 

K (?) 

K Lt*srt. (?) 

N. irkiiywhtfti, Q, i‘k (,?. (Far.) 

K rnffimtht^ Oltam, (M'al.) 


Family II. OVUVmmil) Ai, Ihrdman, 1888 . 

Hmhj nai innotl iuiii'ro-]HmM’rior]y(?), probably attaclied, 

Tf4 ihiii, iranspji,ront;. 

UrHiivkinl me wiiJi no ali^irmia or openinjnrH into the peri- 
Itntnolrial nivity. 

AUmmUtrii mnttl plaotal <lo,raally and poHteriorly ; eoilod irp 
alijim wjIIi !lio rojovKluetive or|i;aim in fornui viHCeral imiHH or 
** iniolouH/' 

li ijf k in fa rif n I du n nu t . 

HiiH fnitiily ooiitaiiw only tlu? remarkable (le(‘p*H('a f^eiiiiH 
ikirmmimn^ diw:ovtnaHl tlurinj^ ibo * (,;luil1ongivr ^ IJxpedilioiu 


IhjTACiNKMim, 'Almdet/^ 1870 {liifnhmu^ 18 H 8 ). 

, llaikmnl iinttnsr-poHloriorly (?), probalilj aitacbod by tho 
|io«lerior eiicl Mtirgitm of 'body prolonged i.o form 8 coniail 
riiiliftlfnig proc'CHMett. 

TfMi gidftiinoiiH, iliin, traiiaparout. 

Jfo«lfo M!uMculaiure iu the form of narrow xnnBde- 

wfddi are mainly ctmfincd to the coiiieal proceaneB 
'Smmhml »m with itw length diroctod dorBO-veiitrally, and lm?mg 
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merely imperforate pits in its walls, and no direct connection 
with the perihranchial cavity. 

Dorsal lamina unrepresented. 

Alimentanj mnal coiled up along with the reproductive organs 
to form a visceral mass (the “ nucleus ”), placed at the dorsal edge 
of the posterior end of the body. 

Gonads hermaphrodite. 

Tliis genus contains the very aberrant abyssal form Octacnemus 
bylhius, Moseley, obtained during the ‘ Challenger ’ Expedition in 
the South Pacific from depths of 1070 and 2160 fathoms. 


Order III. LAEVACEA, Herdnian^ 1882. 

The Larvaeea, or Copekta(Gregenb.), are free-swimming pelagic 
forms, provided with a large locomotor appendage (the tail ”)> iti 
which there is a skeletal axis (the urochord). 

A relatively large test (the “ Haus ”) is formed with great 
rapidity as a secretion from the surface of the ectoderm ; it is, 
however, merely a temporary structure which may be cast off and 
afterwards replaced by anotber. 

The branchial sac is simply an enlarged pharynx with two 
ventral ciliated openings (stigmata) leading to the exterior. 
These open independently on the ventral surface. There is no 
separate perihranchial cavity. . 

The nervous system consists of a large anterior and dor- 
sally placed ganglion, and a long nerve-cord with smaller ganglia, 
stretching backwards from it over the alimentuiy canal to reach 
the tail, along which it runs on the left side of the urochord. 

The alimentary canal lies behind the branchial sat*, and tlie 
anus opens ventrally on the sui'face of the body in front of the 
stigmata (or atriopores). 

The gonads are placed at the posterior end of the body. 

Grcmmation does not take place, and alternation of generations 
and metamorphosis do not occur in the life-histoxy. 

This group contains a single family, the Appendiculariihm, all 
minute tailed free-swimming forms, which have undergone com- 
paratively little degeneration, and consequently correspond more 
nearly to the tailed-lar'^al condition than to the adult forms of 
the other groups of Tunicata. 

46 ’^ 
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PBor. w. k . herdma.'n’s revised 


Family AFPENDICTJLAEllBiE, IJronn, 1862. 

Bod}/ more or less ovate, with the longer axis antoro-posterior, 
and liJiving a large appendage (tlie tail) attach, ed to tlio ventral 
surface. Tiie branchial aperture is anterior. 

51 / 4 ??? periodically developed into a very large invc8tiiig“ca|)siilc, 
which is after a time east otF from the body. 

Branchial mo is simple, and has only two openings, whicli arc 
placed one on each side of the ventral edge, and lead to separate 
atiial apertures. 

JSFervous sj/sieM consists of a largo ganglionic mass pUuicd 
doTsally near the anterior part of tlie body, and a nerve-cord with 
ganglionic thickenings which is continued posteriorly and ventrally 
into the appendage. 

AUmentary canal lies posterior to the branchial sac. The 
anus opens on the exterior of the body. 

Gonads^ like the anus, independent of the atrial apertures. 

This family contains five genera which may be distinguished 
thus : — 


{ No heart, no endostyle, pharynx with 4 rows of ciliated processes. 

Kowalevskia. 

Heart and endostyle, no such processes in pharynx 1 

f Body elongated and divided into two parts ; fold of integument forming 
ij a hood Fritillaria. 

Q f Biectum euomious, tail moderately long Appendicularia. 

^ I Eectum not very largo, tail very long,.... 3 

.. I Body ovoid, not depresned,. Oikopleura. 

^ 1 Body rhomboid, depressed * Stegosoma. 


AmmmowhAmk {Cham. 1821), .jPhZ, 1874. 

Body contracted, dopreBned anteriorly, Bwolleii posteriorly. 
No fold of integument forming a hood is present. 

Tail moderate, measuring twice to thrice the lc3ngth of the body. 

Bndostyh slightly curved. 

Beotum enormouB, larger than stomach and intestine together. 

* Vexilhria^ J. Miiller, is a synonym of OikopUum, and Eurycerem, Buscb 
of EritiUarU, A remarkable fom was described (no name) by Moss in 1871 
as having stigmata in the wall of its branchial sac. If that is correct, and if 
the form really belongs to this, family, it ought to be placed in a genus by 
itself. I would suggest for it the Moma ioliohiim. 
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Probablj this germs, in tlie restricted sense, contains only two 
or three species. The only one sufficiently described is Appendix 
cularia simla^ Fol (Med.). 


OiKOPLEURA {Mertens, 1831), Fol, 1872. 

Body ovoid, contracted ; no hood present. 

Tail long, measuring from thrice to four and a halftimes the 
length of the body. It is about four to six times as long as it is 
broad. 

Mndostyle straight. 

The following are the bettex‘-kiiown species of this genus. A 
number of others which have been named or referred to cannot 
be placed. The first-known species was OlJcopl&wra CJiammo?m, 
Merfcens (N. Pac.). Another form frequently referred to is 
O.flahellicmj J. Miill. 


1 

2 


The “ Haus ” almost globular 1 

The “ Haus ” not globular, usually ovate 2 

With a p re-anal fold of integument ... 0. spissa, Fol. (Med.) 

With no pre-anal fold 0. speciosa, JBisen. (N.W. Ear.) 

Stomach and intestine of a bluish or violet colour 3 

Alimentary canal not blue or violet 4 

Body 1 mm. long 0. dioica, Fol. (Atl, & Med.) 

Body 0’2-"U'5 mm. long 0. cmndeseem, (leg. (Med.) 

Body 1 to 2 ram. long 5 

Body about 4 mm, long 0 . cophocerm, (Med.) 

Body T8 mm. long Fol. (Atl., Med.) 

Body 11 mm. long 6 

Body elongated, narrow, tail rather wide, mouth directed upwards. 

0.fu$iforml%Fo\. (Atl, Med.) 

Body ovato-elongate, tail very narrow, mouth directed forwards. 

0. albkam, Leuck. (Med.) 


8tegosoma, Ohm, 1888. 

Body rliomboid, depressed. 

Eiidostyle moderately large. 

Stomach and intestine forming au arch over the liver. 
This contains a single form named by Chun. 


Feitillaria (Q. # Q* 1833), Fol^ 1872. 

Body elongated, more or less constricted in the middle where 
the tail is attached. A fold of integument on the front of the 
body forms a “ hood.” 

Tail short and wide, about once and a half as long as the body. 
Mndmtijle curved. 
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ON TIIK OLAfl.STFTCA/rrOK OF TIIIC Ttl'NlCATA. 


The Bpecie!^ which are siiflicienUy known can be diyliii^'niwlK'il 
thus 

f The tail bi fur(*ato.d at its oxiroiiuly 

\ Tail not forktHl *2 

''With loner posterior ijroccsscs, forks of tail not narrow. 

fiiroafa, Yogi, (Med) 

■ With sliort posterior processes, forks of tail narrow, 

F. 'im^mhik^ FuL (Mod.) 

Cf (Body bent at an angle, month iMobed. F,formic(i^ Fob (Mod.) 

[ Body Btraiglit, moutli not lobed 

f Body 12-5 mm. long, atinging-eclls in intcguinGnt 

F,nrtkam,\M, 

Body 1*15 mm. long, no siinging-cclls,.. h\ ha.jdostomci^ , Fol. (M(‘ti.) 


KoWATiEVSICIA t, Fol, 1872. 

Body ovoid, triin<?ated anteriorly. 

Tail large, lanceolate and pointed. 

Endmfyle and heart absent. 

Pharynx with four row's of ciliated proeessos. 

Intestine absent, except the rectum. 

Tins remarkable genim contains a single species, Kotmhmkla 
tenuis, F<)1, from tbe Mediterranean. 


Appendiculariidm have been found in neui’Iy all seas of the 
world; but most of the forms recorded or preserved cannot 
DOW be nd’erred to their proper species. 

Appendkukma acroeerea of Gtegeubanr. 
t XluH genus has such oxcejUional characters, t-hat it might bo separated fromi 
the Appondiculariiche us a distinct family. 
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Abatus, Troschel, 226-229, 231, 294, 
australis, 226, 227, 228. 
cavernosus, Trosc/i., 220, 227, 228. 
Philippi, LovSii, 227, 228. 
Abyssascidia, Her dm., 589, 596. 
vasculosa, Herdm., 597. 

Wyvillii, Herdm., 597. 
Acantliocliinus, Dune. # Sladen, 59, 68, 
289, 305. 

Acanthias, 383, 389, 391, 397, 404. 
vulgaris, 409. 

Aceste, Wt/v. Thomson, 266, 269, 293. 
Acbatinella, 347, 348, 350, 355-360. 
abbreviata, 353, 357, 358. 
acliista, 348, 353. 
baeca, 353, 357, 358. 

Bucldii, 348. 
proclucta, 348. 

Aehatinellinse, 346, 347, 350, 353, 354, 
360. 

Acipeiiser, 543. 

Acrocidaris, Agass,, 49, 57, 289. 
Acpocladia, Jgem., 116. 

Aoropeltis, Agass,, 49, 52, 280, 294. 

concinna, 52. 

Acrosalenia, Agass., 45, 48, 82, 289. 
Aclolopneustes, Gratdk, 59, 291, 294, 
305. 

Adetes, 23, 217, 266, 292, 293, 304. 
.^ISoIopneustes, Time, ^ Bhden, 116, 
125, 290. 

Acrope, Norn., 266, 270, 271, 293. 

rostrata, JFgv, Thoms., 271 . 
Agarites, Agass., 93, 294. 

Agassizia, botteaii, 225, 235, 237, 292. 

gibberula, Ootteem, 238. 

Alderia, LahUk, 678 note. 

Alectona Millari, Carter, On a Tariefcy 
of, by A. Vaughan Jennings, 631- 
538. 

Alectona, 537, 538. 

Millari, Carter, 532, 536, 536, 
538. 

Alenrites triloba, 350, 359. 

Alexandria, Pfeffer, 165. 

Alina meridionalis, Eisso, 599. 


Amaroucium, H, Milm-Edw., 615 note, 
616, 624. 

albicans, M.-Edw., 023. 
albidmn, Herdm., 623. 
bilaterale, Giard, 618. 
colelloides, Herdm., 623. 
commune, v. Tr., 623. 
complanatum, Herdm., 623. 
conicum, Ohm, 622. 
constellatum, Verr., 628. 
crystallimmi, B. Valle, 622. 
clensiim, Giard, 623. 
fusriim, V. Dr., 623. 
glabruin, Verr., 628. 
globosum, Herdm., 623. 
hepaticum, Her dm., 623. 
irregulare, Ilerdjii., 623, 
lacteura, a. J9r., 622. 
lijevigatum, Herdm., 623. 
nigrum, Herdm., 623. 

No3*dmanni, M.-Edw., 022. 
palHduluni, Herdm., 623. 
pallidum, Verr,, 6i\S. 
papillosum, Aid., 628, 
pellucidum, Verr., 628. 
pomum, 028, 
proliferum, M.~Edw., 623. 
punctum, Giard, 623. 
recumbens, Herdm., 623. 
roseum, D. Valle, 623. 
simulans, Giard, 628. 
stellatum, Verr., 628. 
subaeutum, v. Dr., 623. 
torquatmn, v. Dr., 623. 
variabile, Herdm., 623. 

Aniastra, 346, 353, 355, 356. 
tristis, 356. 
tumtella, 356. 
ventulus, 356. 

Amblypneustes, Agass., 112, 290. 
griseus, 113. 

pentagonus, Agass., 113, 114. 

Ainblypygus, Agass., 168, 170, 199, 291 . 

Ammoclytes, 400 note. 

Amniota, 390, 543. 

Amphisbasua alba, 400 note. 
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AoipkisbiBiia cinerea, 407. 
darwinii, 400 note, 
fuligiiiosa, 400 note. 

Ampliklcbus, 2()1. 

Am phi clotiis, IM , , L 

Amphiliolia oculnOi, Dime., r>3A 

Ampliiopo, 159, 294, 543, 549, 

557. 

Ananchytea, Lavd^, 202, 200, 210, 294. 

Ananchytidai, 205, 21)2. 

Anaulocidai’is, ZiUel, 27, 33 Bote, 

294. 

An chin ia, Emchoholh, 643, 043. 
rubra, Fogf, 043. 

Ancistrogaster, DtM, 505, 523. | 

luctuoaiis, St hi, 523. 

Andreua, Jjkhr., 418, 431. 

Androctouuw vaviegatus, Gen,, 439. 

Anecluira, Saudd., 505, 523. 

Anisaster, Pomel, 235, 294. 

Anieolabia, IVk, 505, 510, 
antontiata, Kirh/, 517. 
azteca, JJohru, 518. 
lifctorea, Wldie, 517. 
mauritanica, Luc., 517. 
rufoscens, Kirh^/, 517, 531. 
xenia, Kirhi/, 517. 

Anocbaims, Grube, 174, 177, 291. 

Anomalanthiis, J. Bell, 149, 151, 155, 
291. 

tumidus, Woods, 155. 

Anorthopygiis, Coifeau, 168, 173, 291. 

Ano.sia plexippus, 304. 

Anthidium, 425, 420, 432, 

Atithobrissiia, Poinel, 187, 294. 

Anthocidaris, IJUL, 121. 

Anthophila Ilymenoptora, On the 
Tongues of British, by Eclw. Saunders, 
410-432. 

Antbophora, Lain, 413, 414, 428, 

432 ; 

Anura, 548. 

Amirella, Lm*-l)tdk, 500. 

ApachyuH, Swu.f 503, 504, 

Apetala, 23, 217, 2f‘>0, 293. 

Apex, 355, 350, 358. 
ioratus, 350. 
pallid us, 350. 

Apkhft, 411. 

Apis, Linn., 411, 413, 430, 432. 
mellidea, 410. 

Aplididffi, 615 note. 

Aplidiopsis, Lah, fllO, 018. 
incertus, Ecrdrn,, 018. 
mimitns, Herdm., 618. 
pyriforniis, Eerdm,, OIS, 
vitreus, Lah., 018. 

Aplidium, 8m., 016, 621. 
asperum, v. Dr., 621, 

,'eajrnleum, Lak, 022. 


Aplidimu calieulatuin, Sue., 022. 
crasauin, Hmhn., (522. 
dospecfciun, llcrdm,., 022. 
efVusum, Sav., (522. 
fallnx, jidms., (521. 
fiunigatnin, Ilmim., 022. 
rus(nu»i, IlmliiL, 02 L 
giblmlosuni, Sm., (522. 
griseutn, Lak, 022. 
iiicrustans, Ifenhn,, 022. 
leu('opluxjun), Ilcrdm., (522. 
lobafciim, Sav., 622, 
nutans, Must., (528- 
pellncidum, IJr., (521. 
ti’oinulum, S((u., (521. 
zosl.eri(‘ok, Giard, (522. 

Appendieularia, Cham., (550. 
aoroeeim, Oegenh., (552 note, 
sicula, PoL, (55,1. 

Appendieulariiclm, Bronn, 640, 650, 

052. 

Apterygida, 505. 

Arachriinm, 158, 1(55, 291. 

Araclmiopleurus, Dune, if SladM, 97, 

iOO, 290. 

Arachnoides, Breyn., 143, 158, 165, 

, 291. 

Arbaeia, Gray, 92, 93, 94, 290. 

Arbadidse, 45, 57, 92, 290. 

Archinocidaridm, 7, 8, 288. 

Ai'chmocidaris, McCoy, (5, 7, 11, 2S8. 

Archiaeia, Agem., 23*, 200, 201, 292. 

Argentina, 551, 

Argopatagus, A, Ay ass., 266, 276, 278, 
293. 

Ascidia, LDm., 589, 590, 591, 594, 
595 note, 59(5, 597. 
aflinis, Aid. f llanc., 505. 
albeola, Les., 595. 
albicbi, Aid. f Ham., 595. 

Aldcri, Bmi., 595. 
araelmoidca, Porh., 594. 
archaia, Shdfer, 590 note, 
anporfii,, UeUer, 592. 
aira, Los., 592. 

Cideata., Biinips., 595. 
caualieulata, 593. 

mpUlalui, ShiL, 592. 

. oapaieum, (kski, 595. 
candata, IMfer, 593. 
eiuernosa, Lm,, 595. 
ehaliengeri, MerdnL, 593. 
ehonchilega, 0. P. M., 591. 
clavata, Pahr., 571 note. 
claviforiniB, Lmmtf, 002. 
eornplunata, Pahr., 595, 
eoinplanata, Verr., 595. 
eoriacea, Heller, 595. 
enn'uguta, 0, P. Mtlikr, 599, 
erassa, Ham., ;>95, 
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Ascidia curvata, Traust, 592. 
cylindracea, Merd'm,, 592. 
decemplex, Sluit., 591 note, 
clepressa, Akl, 594. 
depressiuseula, Heiler^ 594, 
despecta, Merdvi., 592. 
dijmphniatia, Traust., 591. 
diplozoon, Shut., 591. 
elliptica, Aid. Mtmc., 595. 
elongata, Houle, 594. 
elongata, Aid. liano., 595. 
exigua, Ref dm., 592. 
faicigera, Hefdm., 592. 
iiiinigata, Grube, 593 
fu&il‘ormis, Rcfdm., 593. 
gelati.ia, 0. F. Muller, 604 note, 
glacialis, TmiiM., 592. 
hygomiana, Tnviist., 594. 
iuerayaata., Heller, 593 note, 
iiigevia, Tmud., 594. 
inornata, Hanc., 595. 
intei'rupla, Heller, 594. 
iiiYoluta, Eeller, 591. 
koreana, Tramt., 594. 
kuneideSj SI., 594. 
lata, Her dm., 593. 
liberata, Sluit., 593. 
liinosa, Shut., 593. 
lobifepa, Les,, 595. 
longitubis, Traust., 594, 
inalaca, Irmcst,, 594. 
niarioni, Boule, 593. 
inelanostoma, Skdt, 502. 
mentula, 0, M., 593. 

mentula, Tmust., 593, 
nieridionalis, Herdm., 593. 
mollis, Aid. Hanc., 595, 
multiformis, Les., 595. 
muricata, Heller, 592. 
nigra, Sai\, 592. 
nodosa, SMt., 592. 

Normani, Aid. tf Ham., 595. 
obliqua, Aid., 594. 
oblonga, Traust., 592 note, 
ocellate, Jffass., 599. 

Oirikii, Tramt., 503. 
opalina, Mac Gill, ,595. 
orbicularis, 0. F, Mull, 595, 
ovalis, Les., 595. 

Patoni, Herdm.. 691. 
patula, 0. F\ M., 592. 
pellucida, Aid. tf Bane., 594, 595. 
placenta, Eerdmi., 593. 
plana, lianc., 595. 
plebeia, Aid., 593. 
probosddea, Les., 595, 
prod acta, Mane., 595, 
prosfcrata, Heller, 593, 

}>runmi!, 0. F. M., 502. 
puicbolla, Alder, 599. 


Ascidia pusilla, Traust., 594. 

pustulosa, Aid. Ham., 591 
note. 

pyriformis, Herdm., 593. 
quadrata, Traust., 593. 
reptans, Heller, 594. 
robusta, Hanc., 595. 
riibescens, Heller, 595. 
rubicunda, Hanc., 595. 
rubro-tincta, Hanc., 595. 
rudis, Aid., 595. 

Salvatoris, Traust., 592. 
sordida, Aid. Hanc., 590 note, 
styeloides, Traust., 503. 
succida, St imps., 595. 

Suensonii, 2raad., 595. 

Sydneiensis, Strmps., 595. 
tenella, St mips., 599. 
tenera, Herdm., 592. 
translucida, Herdm., 593. 
translucida, Sluit., 593 note, 
tritonis, Herdm., 592. 
truncata, Herdm., 593. 
tiibitera, Stimps., 595. 
variabilis, Les., 595. 
va8Culo.sa, Herdm., 504. 
verrucosa, Eeller, 595. 
virescens, Brugihe, 599. 
vitrea, v. Ben., 595. 

Ascidiacea, Blv., 561. 

Ascidiie Composite^, Sav., 562, 605. 

Ascidiai Luci®, Sav., 662, 63S. 

Ascidia Lucia Salpiformes, 641. 

Ascidise Salpiforines, Herdm., 638. 

AscidiiB Siniplices, Savign., 562. 

Ascidiella, Houle, ^ 589, 690. 
archaia, Sluit, 590. 
aspersa, 0. F. M., 591. 
lutaria, Houle, 690. 
scabra, 0. F. M., 591. 
triangularis, Herdm., 590. 
venosa, 0. F. M., 590. 
virginea, 0. F. M., 590. 

Asoidiidye, 562, 565 note, 569, 586, 
600 note. 

Ascidiinse, Herdm., 586, 589. 

Ascopera, Herdm., 563, 564. 
gigantea, Herdm., 505. 
peduneiilatii, Herdm., 565. 

Aspidodiadema, A, Agass., 53, 55, 56, 
289. 

micTotuberculatum, 'A. Ag,, 56 
note. 

Aspidodiaderaatida?, 45, 56, 289. 

Asteliium, Giard, 633 note. 

Astorobriasus, 1). Loriol, 181, 294. 

Asterocidaris, CoUeau,4:!d, 51, 289, 294. 

Asterodaspis, Conrad, 1(55. 

Asterupsis, Votteau, 59, 69, 289. 

Astcrowtoma, Agass., 23, 200-203, 292. 
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Astorostoma cubonsc, Cotfemiy 204. 
excentricimi, Lamk., 202, 204. 

Astbetiosoiaa, Gruhc/M-m, 4J,40,280, 

yio. 

coriaceum, A. Ag,, 07, 
pellimicliini, A. /tg.. 37, 

Astrielypous, Verrill, '.157,103, 201, 204. 

Astropyi/a, 30, 30, 51), 75, 77, 78, 280. 
radiata, 35. 

A{.{)p<)gastor, Ilerdmi,, 010, 023, 024. 
auraiitiaoa, Herdm., 024. 
elongata, Herdm,, 024. 

, var. pallida, 024. 

giganiea, Her dm., 624. 
inforiiiiH, Herdm,, 024. 

Atrapiw, 220, 204. 

Auchoiioinua, Kimch, 505, 523. 
lijiigilbrcepa, Kar.rh, 522. 

Aurantiimi, (rkrd, 016, 018. 
auraaitiuni, M.Ai'dw., 018. 

AuriciiUslla auricala, Fer,, 355. 
pollucida, 355. 
solida, 355. 

Basilarcliia, Divergent, species of 
(Gulick), 301-305, 371. 

Basilarcliia, 361-305. 371. 

Arebippus, 3G1-365, 

Arthemia, 3r>l-305. 

Astyanax, 36i-3t)5. 

Proserpina, 305, 

Baliiyoncus, Herdm,, 578, 579. 
cliBcoiOeua, Herdm,, 580. 
luinutus, Herdm,, 580. 
mirabilis, Herdm., 580. 

Batoidci, 389, 307, 308, 400. 

Bdfdlostorna, 400. 

Blaaius, 400 note. 

Boloiiia, Fi^or, 120, 131, 132, 200. 

Bui tenia, Savign,, 570, 571, 590 note. 
auHimliB, Q. (r., 571- 
Bolteni, Limi., 570 
Burliliardti, Jg., 571. 
ci'liata, Midler, 571. 
olcgaiiH, Herdm., 571. 
fuairoi'U'iiH, 8im., 571. 
gibboga, lleUer, 57 L 
legiunen, Lem., 570. 
in icrocosn uis,- Ag . , 57 1 . 
ovifera, Linik, 571. 
pachydernuitina, Hefdm», 571. 
reniformis, MacL., 571. 
rnbm, Stimps,, 571, 
spinifera, Q, 4’" 571. 

tnberculata, Herdm., 57L 

Bolteniinai, Herdm,, 570. 

Bombus, Lair., 413, 415, 430, 432, 

Bostricbobmnohiis, Tramt,, 502, 564. 
inanhattenHis, Bekay, 504. 

Bcfebriooidaris, ^ohddt, 5, 0, 7. 

# 


liotlirioeidiiris, Fdchw., 8, 288. 

Bothriucidaroida, 7, 288. 

BotliriopyguM, 174-, 177,291. 

Botryllidjie, Girard., (;05. 

Botryiluiden, B. iMikirFdw., 007, 008. 
albii'aiJH, IL M.AUw., 008. 
ciliatuB, ih Ok, 008. 

(• la Velina, (rhird, 000. 

Enieryi, Delln V(dle, 008. 
liilgurab^ Herdm., 009. 

Oascui, Defla, Ik He, 0*08. 
irisigne, (Hard, 009. 

Tjeiicliii, Siiv., 008. 
luteuin, V. Dr., 008. 
inoriunifotnnis, Dedla Valle, 008. 
iiigruni, Herdm., 008. 
perspicuum, Herdm., 008. 
probtratuiii, Giard, (»09. 
pur{)ureum, v. JJr., (508. 
piiBilla, Alder, 009. 
radiaia, Aid. ij’ Htme,, OOl). 
raimdusa, Aid. J’* liana., 009. 
rosaecus, (trnhe, 008. 
rotifeni, H. M.MM.uk, 1501). 
rubruni, H, M.^FAw., (508. 
sparsa, Alder, 009. 
tyroimi, Herdm., 008. 

Botryllus, GacHner A Ihdlm, 005, 000, 
008. 

aurolineatus, (Hard, 007. 

Bacri, Qmhe, 007. 
bivittatim, M.AMw., 007. 
calendula, (Hard, 007. 
castaneus, Aid. A Hane., 007, 
gcinineus, Ftte., (507- 
(lonldii, lerr,, 007. 
niarionis, (rharl, (507. 
mimituH, idar., (507. 
moriu, Gkrd, 007, 
pruimwuH, (Hard, 007. 
rubcim, Aid, 4'* Hane., 007, 
rubigu, (Hard, (507. 
mnm>, Della 'Valle, (507- 
8elil(m\ri, .PallaH, 007. 

Hrnat'ag(biS) FHFdw., 007. 
taptH.ura, Delta Valle, 007. 

Xemm, lh4h Valle, (507. 
viulant'UH, H, M.Hldw,, 007. 
vireBceaH, AkL A Hane., 007. 

Box viilgu.ris, 409. 

BraohyliibiH, Jhhrn, 5(H, 510. 

Braxlyplujrus, 330, 

Brovistollhmi, Janrd., (533 note. 

Ereynia, Demf. 240, 2(52, 2(55, 202. 
sulcata, Hame, 205. 

BriBsomorpha, Jjunhe, 242, 243, 204. 

Brissoj'aUugus,- Vaiteun, 239, 250, 292. 

Brisfiupneustes, Vat lean, 230, 2'l.l, 292. 

Briasopsis. Agms., 239, 245, 248, 249, 
250, 251. 



INDEX. 


657 


Brisaiis, Kld%, 227, 230, 241, 243, 245, 
292. 


depi'essiis, 243. 
sl'enialis, Lamh.^ 245. 
tuborculatus, Wright^ 243. 
Bulirnella, 347, 34S, 3q0, 355, 356, 357, 
358. 

buUmoide.s, 353. 
rosea, 353. 

Buprestidse, 620. 


Cajsira ficus, Macd., 569. 
parasitica, Macd., 560. 
pellucida, Maed., 5G0. 

Cah’Cria, Wyu. Thoms., 36, 43. 

(Asl heiiosoina) liystrix, Wgv. 

Thoms,, 17 . 

Calyniiie, IVyv. TImns., 206, 214, 292. 
Caratomas, Agass., 168, 170, 171, 291. 
Oarcino] )hora, Stmdd,, 505, 530. 
Cardiastor, Forbes, 206, 208, 209, 210, 
267, 202, 3il. 

Cotteauana, IfOrk, 210. 
excentricus, Forbes, 210. 
fossarius, Beyiett, 210. 
rostratus, Forbes, 210. 

Oassklulidai, 150, 151, 166, 180, 202, 
291. 

Gassiduloidea, 23, 25, lOi}, 288, 201. 
Cassidiilus, Lamk., 149, 177, 180, 181, 
201 . 

caribboarura, 1 81. 
lapis-cancri, 181, 

Marmini, 181. 

Catopygus, Agass,, 180, 185, 186, 291, 
805. 

Loveni, Studer, 185. 
recens, A. Agass., 185, 
Coutrolophus, 542. 

Cent.ropygus, Ehrag, 141. 
CentrostepliaiiuH, Peiers, 50, 61, 280. 
Oeratina, Latf., 429. 

Oercyoiiis Alope, 363, 

Jfepholo, 368. 

Oestracion, 395, 897. 

pbilippi, 409. 

Ohsetodiscus, lAlth, 158. 

Oiuutospariia, Karsoh, 505, 518. 

inornate, Karsch, 513. 

Ohanos, 404. 

Oheliclura, Seni, 505, 331, 
fohiista, Scudd., 530. 

Oliclisocbes, Scudd., 505, 5*21. 
inorio, Fcibr., 522. 
pictioornis, K'irbg, 522, 531. 
tenebrator, Xirby, 521, 531. 
Cbelostoma, Zabr., 426, 427, 432. 
Clielyosonia, IJrod, cf Sow., .587. 
Clielyoaotiia Mficleayanutu, Brod. (|‘ 
Saw., 587. 


Ohelj^osoma produetiim, Sf.mj^is., 587. 
Ohevreiilius, Lac.-Duth., 597 note. 
Chiloseyllium ocellatum, 396 note. 

plagiosnm, 396 note. 

Ohirocentrus, 403-405. 
Chlaraydoselaclie, 395 note, 405, 
Ohlamydoselachiis anguineus, 407. 
Ohondrostachys, Macd., 610, 612. 
Chordata, hermaphroditic, 546. 
Chorizoeormus, Herdm., 635, 636. 
leucophmiis, Herdm., 636. 
reticulatus, Herd'm., 636. 
subfuscus, Herdm., 636. 
Sydneyensis, Herdm., 636. 
Chrysomeion, Lauhe, 129, 294. 
Chrysophrys, 544. 
auratus, 544. 

Oibaster, Fomel, 209, 294. 

Cicada, Diyergent Evolution in the 
Periodical ((?uliek), 365-371. 

Cicada, 365, 370, 371. 

Cassinii, 367. 

septemdecini, 321, 865, 367, 370. 
Cidaridae, Aid. # Desor, 26, 27, 35, 75, 
289. 

Cidaris, Klein, 5, 27, 29 note, 30, 31, 
34, 116-118, 127, 289, 293. 
bispinosa, Loik., 31. 
canaliculata, Dime. Slad,, 31. 
copeoides, Colt,, 31. 
guttata, Colt , 31. 
papillate. Leske, 31. 
piirpurata, Wyo, Thoms., 32. 
Cidaroida, 21, 24, 26, 27, 288, 289. 
Cidaropsis, Cottemc, 40, 53, 289. 

Oilissa, Leach, 413, 419, 431. 

Oiona, 597, 508, 600. 
aspera, HerdMi., 59S. 
canina, 0. F. M., 598. 

Edwardsij Rode, 598. 
iascicularis, Hanc., 598. 

Elemingi, Herdm., 598. 
infcestinalis, Lmn., 598, 599. 
Savignii, Herdm., 598. 

Cioninm, Eoule, 586, 597. 

Cionobrissus, A. xigass., 229, 240, 247, 
259, 292. 
revinefcus, 259. 

Circinalium, Criard, 616, 627. 

concresccns, Giard, 627. 
Gircopeltis, Pomel, 49, 58, 239. 
Clavelina, Sav., 600, 603, 604. 
lepadiformis, 0. F. Mull,, 604. 
nana, Latr., 604. 
producta, M.-Edw,, 604. 
pumilio, M.-Fdw., 604. 

Bissoana, M.-^Ed., 604. 

Savigniaiia, M.-Edw., 604. 
Clavelinidm, Forbes, 562, 597, 599, 
6(X» note, 617. 
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OlavcliiiopHia, lA'wkes, 599 noiD. 
rubra, Frwb\s, 570 note, 599. 

Olaviiister, //Or/;., 23, 200, 201, 292. 

Olavulina, 53^. 

CleisteOiiniiH, dr^ Lorkd^ 200, 277, 293, 

01 ion a, 531, 535. 

.Fryeii, 535. 

Olupoida*,, 5 12. 

01ypcnst;t*r, LatitJc.^ 142, 149-151, 154, 
155, 29L 
jcgyptiaiHis, 153. 
altuB, 149, 151. 
excontriciiB, Lcmk.^ 202. 
reticuli>.l,us, Limi,^ 151. 

Clypoastritluj, 142-144, 148, 

‘151,291. 

Clyp( 3 astro}(lu, 21, 25, 142, 143, 288. 

Olyppoljimpaa, Pomel, 192, 191, 294. 
LcHtoli Cott., 11)4 noto. 

Clypcopyguw, i/Or/;., 180, 188, 201, 

Clypeus, Klein, 180, 187, 291. 

Cobitis, 550, 551, 554. 

OodcchiuuB, Desoi% 59, 80, 289. 

Ootlfinh {(radus morrhm), On some 
Honnaphrodito Qtinitalia of the, with 
Bom{vrks upon the Morphology and 
Kiylogeny ot the Vertebrate liepro- 
duotive System, by 3?rof. 0*. B. Howes, 
639. 

Oodit)psis, A^af^s., 57, 59, 65, 289. 

Ocelioxys, Latr., 424, 425,426, 431. 

Oalocormidte, Hmlni., 634. 

Oalocormus, Hmlni., 634. 

Huxicyi, Hmlm., 634. 

CcelopleuriiH, 92, 94, 290. 

Oolella, Jlcrdm., 606, 610, 6U. 
claviformia, Ilerdni,., 611. 
concreta, Ikrdm., 611. 
elongata, Uerdm.^ 61 1. 

(huniurdi, Hvrdm., 6,1 1, 

M array i, IkrdnL, 611, 

— , var. nibida, Jlerdni.y (111. 
podunculata, Q. 4'' (r., 611. 

|)li(!ata, I/ef(hLi 611. 
pulohra, 611, 

Q,U4yi* Merdni., 611. 
ramulo,m, Herdnk, 611. 
tciuiicttulis, Hmlm., 611. 
Tliomsoiii, ikrdni., 610 note, 
611 . 

Oollotes, Laif.j 414, 415, 418, 421, 
431. 

OollyritoH, Des Moulm, 196, 197, 

Oollyritidffi, 166, 196, 292. 

Colobooentrotus, Ilrmidt, 116, 117, 
' 290 .^ 

Coipotiara, Pomei, 65, 294. 

Ooncopliorus, Lade^ 252, 294. 


Coudylopalania, Sund., 503, 530. 
agili.s, iSnnd,, 5;;0. 

ConoelypoiiH, J, Aij.^ 135, ! 10, 192,290. 
UumudyptuiH, 191. 

SigHhoi, li)l. 

Ooviob.unpa.s, A. Af/tm, 23, 180, 191, 
192, 195, 292, 

SigHhei, A, y|//w.s'., 192. 

Oomilus, Kldn, 167. 

Cop(4aia, (Ov/f';//;., 649. 

Oopteclnnua, (Jofieun, 101,294. 
Ooptoplivnia, Pd'on et Guulhioi^ 97, 
101, ‘iKK 

C(ip(o.sonia, 85-1)0, 290. 

OorasO^r, (AfPutu, 225, 236, 292. 
Ooroll?.i, Alder 4' I lane., 587, 588, 597. 
boreal IB, Traii.d., 588. 
omnyota., Trand.y 588. 
ja,poui.ea, /{erdm.^ 58S. 

Ijirvadbritns, 588. 
niinuta, Trand.. 588. 
novane, ?,». i>., 588. 
ovata, Hanc., 588. 
parallelogramimi, (/ P\ /)/., 588, 
Oorellinm, Ikrdm,, 586, 587. 

Ourticium, 531 note. 

Corynaseidia, Hcrdui.^ 587. 

Suhmi, Herdiu.f 588. 

Ootbildia, i>.s'or, 59, 67, 289. 

Carter!, Dmie., 67. 

Forbesiana, 67. 

Cronilnbrus ]mwo, 553 note. 
CryptobranchuB, 385, 390. 
jjiponicus, 408. 

Otcmcclla, LuvrJJnfh., 56.‘1, 565, 
appendiciiiata, He/ie>\ 56{>. 
KorotnellH, Lno.dkkL. 56(b 
Laneeplniui, Lfti\^I)idL, 565. 
Morgalu', Interlhdk^ 5r4a 
OuIooluH, KvrduK, 570, 572. 

MoHoloyi, Hmlm., 573. 

Murrayi, Hetditi , 573, 
perlaliUH, Anhin^ 573. 
perluriduH, lleidm., 573. 
m5U!ubet!.B, //m/w., 573. 

O’mnieri, Veir., 573. 

WilliMnoom, i'Jerdiih^ 573, 
Wyvill<i"Thomw.nu, Ikrdnu, 571>, 
OyolaHter, Coifeau, 239, 249, 250, 292, 
294, 

Gonrdoni, 250. 

Cyoloinyaria (Krohn), (Pljimin, 641, 

644. 

Cyclophmis, 40i), 406. 

luinpu.s, 401, 409. 

Oy closal pa, Mm v . , ( 145. 
nlHuis, VhatiL, 615, 
duliodi asoma^virguia, 7bf/.- VoaL 
, 645. 

piunata, Forsk, 0>45. 
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Oyliiidrogaster^^^zfJ/, 504, 507. 
gracilis, Sial, 507, 
j'ansoni, Kirhji, 507. 
iiigriceps, Kirhij, 507. 

Oyntbia, Savic/., 576, 576. 
arcuata, Heller, 577. 
ampulla, Brug., 585. 
augularis, Blimps., 58(1 
araneosa, Stimps., 586. 
arenosa, Hcrdiii., 576. 
caniea, Ag., 586. 
castaueifonnis, u. Dr., 576. 
cerebriformis, Herdm., 576. 
olavxgera, Tramt., 577. 
corallina, Doule, 577- 
coriacea, Aid, cf' Hmic,, 586. 
delicatula, Btimps., 580. 
dumosa, Slimps.,5Si\ 
dura, Heller, 577. 
ecbiiiatA, Limi., 577. 
flssa, Herdm,, 677. 
formosa, JHerdm., 576. 
galbaua, Herdm., 577. 
gangelion, 8av., 577. 
gernmata, Simps., 586. 
glaeialis (?), 586. 
grandis, Heller, 577. 
granulata, Aid., 586. 
iiaustor, Simps., 577. 
Hilgendorfii, Traust., 577. 
hispida, Herdm., 577. 
informis, Forbes, 585. 
irregularis, Herdm., 576, 
jacatrensis, SluU., 576. 
japoniea, Traust., 576. 
Imvigata, Helkr, 577. 
laavissima, Stimps., 586. 
limacida, Forh., 678, 585. 
mammillaris, Pallas, 585. 
mirabilis, v. Dr., 577. 
niomus, Sav., 577. 
monoeeroa, Moll, 586. 
morus, Forbes, 677. 
nodiilosa, v. Dr., 577. 
Nordenakioldii, Wagn., 677 * 
ocellifera, Simps., 586. 
opalina, Aid., 586. 
ovalis (?), 586. 
paxxtfw, Bar., 577. 
papillosa, Limk, 576. 
partite, Biimps., 586. 
praepufcialis, Heller, 576. 
pulcbella, Ferr., 586. 
pupa, Sav., 58(1 
quadraiigularis, Forh., 585. 
Biisiana, Tremst., 577. 
Boreteii, v. Dr., 676. 
rosea, Aid., 68(1. 
sabulosa, Stimps., 586. 
satsumensia, Stimps., 586. 


Cynthia scutellata, Better, 677. 
squamulosa, Aid., 577. 
stellifera, Ferr., 58(1 
stolonifera, Heller, 576. 
sulcatula, Aid., 586. 
tesaellata, Forbes, 573, 578. 
tuberosa, Maeg., 586. 
violacea, Aid., 580. 

Oynthiidm, Lac.-Dteik, 562, 569, 585, 
686, 595. 

Oynthiinie, Herdm., 570, 573, 578. 
Oyphomatidm, 57, 85, 290, 31 i. 
Cypbosoma, Cottean, 82. 

CyphosoTTia, Agass., 85-92, 290, 306. 
crenulara, A. Ag., 87. 

Delmarrei, 86. 

Foxikanense, Peroii GautJi., 86. 
Heinzi, Peroii S Gauthier, 82, 83, 
89. 

Joiidi, Peron §' Gautk, 88. 
inacrostoma, Dime. # Slad., 88. 
Morton i, De Lor., 87. 
perfectim, Cofctoan, 88. 
radiatum, Borg., 8^ 
simplex, Forbes, 88 
spattdifera, Forbes, 88. 
fiubradiatum, 88. 
undatinn, Dane. Slad., 88. 
Oypliosoiuidao, 45, 311. 

Cyprinoidei, 542. 

Cyrtoraa, MHlelland, 182, 294. 
Cystechiniis, A. Agass., 206, 213, 
292, 

Cystingia, MaoLeag, 570, 571. 

Griffithsii, MacLeag, 571. 
Cystoarian, 551. 

Cystocidaris, Zitl, 6, 20, 293. 
Oystocidaroida, 7, 20, 288. 

Oystodytes, von Drasche, 610, 614. 
cretuceus, v. Dr., 615, 

Belle Chiaisa, D, Falk, 615. 
Brasehii, Herdm., 615. 
diiniB, V. Dr., 015. 
philippinensis, Herdm., 616. 

Basypoda, Lair., 413, 420, 431. 

Beakia, Paveg, 248, 294. 

D&mogorgon, kirhg, 503, 505, 513. 
adelphus, Kirhg, 515. 

Batesi, Kirbg, 514,531. 
bieolor, Kirbg, 514, 515. 
lirida, Duhr.^ 614:, 
patagoniciis, Kirhg, 515, 631. 
Bendraster, Ag., 158. 

Bendrodoa, MaeLcay, 582. 

glandaria, Maeteag, 582. 

Besorella, Cofteau, 179', 291. 

Besoria, Gray, 227, 233, 234, 294. 
Biadema, 24, 40, 58-^63, 82, 125, 289. 
Biademffi, 57. 
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2S0. 

Diiidoinatinii', 50, (>0, 280. 
DijiflMiiatoidn,, 24, 34>, 5('), 288, 280. 
])iailoinopsis, 51), G2, 280, 294. 
Diazonfi, ^Sav., 500, 600. G17 nolo, 
hebridica, F. (r., 600. 
iiitaota, Jjuk, 600. 

Yiolacea, Sea'., GOO. 

Dictyopkuirus, Dune. Sladcn, 07, 00, 
200 . 

Bidoipbia, Owen, 3S4 note. 

BideiniiicUe, G2S. 

Bideimioides, von Dmveke, 620, 630. 
niiiortjopborum, y. Dr., (>30. 
rcBiiuicoum, ?>. Dr., (530. 

Bidenmuin, Sav., {>20. 

jitiniiiitia,cuiii, lierdm., 629. 
bicolor, V. Dr., (530. 
cereuui, ffiard, G29. 
lalbix:, Lak, (530. 
grapLueuia, Lah., (520. 

Gruboi, V. Dr., (530. 
iiianiiatiim, i!. Dr., (520. 
inoriue, Merdm., (529. 
lobai ura, Griih, (530. 
niyeiim, Gieml, (520. 
roseum, Ddle Oh., (530. 
nibelluin, Gruhe, (530 note. 
aargiiBsieola, Crim'd, (520 noie. 
Savignii, llerdm., (529. 
fcot'taiosuna, v. Dr., 629. 
varioIo.siim, Gnthe,^ G30. 

Biplatys, Serv., 504, 50S, 

J3iplocida,ris, Devor, 27, 35, 280. ^ 
Biplopodiii, FBOoy, 50, 67, 08, 

280. 

BiplopodiiiiiK, 59, (57, 280. 

Bipioaonia*, Maod.. (532, (533. 
cariuiBuin, y. Dr , (533. 
cbaniadeun, v. Dr., (533. 
cryntalUmim, Giard, (533. 
goiaiinoautn, M'rICdw., (503. 
gyroflum, Gndw, (533, 

Koehlcrianurn, Luk, 1533. 

IVisteri, Lak, (533. 

IjiHteriaiuun, Delias ValU, (533. 
M'acdoiialdi, llmlm,, 633. 
puncta,tum, Forh., 633. 

Baynori, Mavd., (5553. 

Bpoisgifonue, Gkifd, (533. 
Kostottirunp Jburd.^ (533. 
Biplosomiditt, 'Giard, (532. 
PiploBomoides, Hcrdm., (532. 
molle, llerdm., (5355. 
pseudoleptoeliniTTn, v, J>., 633. 
Biplotagma, SchlMer, 50, 70, 280. 
Diplotheoantlius, 149, 453, 201, 204. 
Discocidaris, Doderl., 27, 33 note, 
294. 


Biscodennia, 53(5, Fdl. 
papillata, .537, 

Biscoidea, Klein, 22, 135, 138, 130, 

290. 

subiiciilus, Klein, 139. 

Di.sfcaplia, Della Jdlle, (510, 612,(513. 
iubrica, v. Dr., (513. 
inaguilam, D. Valle, 613. 
rosea, D. Valle, 613. 

Vallii, Hcrdm., G13. 

Bistoina., Gaertner, (510, (513, 614. 
adriaticum, v. Dr., 613. 

O<»9l80, D. Valle, (514. 
cristallinum, Ikn., G13. 
mucosiun, v. Dr., (514. 

Pancerii. D. Valle, 614, 
plumbeuiii, D. Valle, (514 nofe. 
riibniui, Sav., 014 note, 
variolosiun, (hicrtn., 014. 
vitreum, Sav^^, (513 note. 

Bistomidai, Giard, 009, 

Bitroni aster, M'miicT'‘Chahna&, 228, 
220, 204. 

Bochin ostoin a, 174, 176, 291, 294, 
Boliolkbu, Kef erst, (54L 
Dolioluni, Quay 4" Gaimard, (542. 
afHue, Slerdm., (543. 

Challengeri, llerdm., (543. 
(lenticulaturn, (J- d* (>43. 
Ehrenbergi, Kr., (543. 

Gf-egenbauri, U^., 643. 

Krohrii, Herdni., (543. 

Millleri, Kr., 643. 
rarum, Grohhen, 643. 
tritonia, Merdm., 613. 

Boliopsis, €. Vogt, (543 nolo. 
Dorocidaris, A, Agass,, 28, 30 note, 
31,289, 293. ‘ 

Duroiiroi, Lep., 412, 421. 

Duncan, Ib'of, P. M., A .'Revision of iJie 
G-onoraaiid great Groups of Uio Ecihi- 
noidea, 1“3IL 

Dysastcr, Aipm., 106, 197, 202. 

Kccfelonida, 537. 

Euliinanlhidiu, A, Agass,, M8. 
Bl(,*hinan(.hus, A. Agm., 143. 
Euhinanllmy, Drn/nm. 140-155, 180, 
183,291,305. ' 

Mortunis, Mkln, 183. 
rosacens, A. Agm,, 151. 
tostudinarius, Grag, 151, 155. 
Ecbinaracliiuus, Leske, 157, 158, 291, 
204. 

Echinidee, 22, 45, 114, 115, 126, 290. 
Echiuites, 135, 139, 290,294. 
Echinobrissinas, 166, 167, 174, 201. 
EehinobrisRUB, Bregnius, 174-177, 291. 
iiuequilhw, 177. 

Julieni, 177, 





Echinobrissns Mealei, Pemi Gauthier, 
177. 

sitilensia, 177. 

Ecliinocardmm, Gray, 240.. 261, 292. 
Echinociclaris, Desru., 92, 90, 294. 
Echinocidaris, Dune. Sladen, 94, 290, 
294. 

Echinoconklaj, 135, 138. 

Ecliiiiocomnce, 16G, 167, 291. 
Echinooonus, BreyMiia, 22, 23, 167, 168, 
193, 291, 305. 

Lauieri, B^Orh., 168. 

Ecbinocorys, Brei/n., 206, 216, 282, 

292. 

Ecliinocrepis, A. Ayass., 280, 283, 287, 

293. 

Echinocrinus, Ag., 6, 11, 293. 
Ecliiriocyamus, van Phels., 142, 144, 
291. 

Echinocyplius, Cotteem, 97, 101 j 103, 

290, 

Ecliinoevstites, Wyv. Thoms., 5, 6, 7, 
18-20“, 288. 

Echinoclermata, 4, 288. 

Echinodiaclema, CoUeau, 64. 
Eohinodiadema, Verr., 59, 61, 64, 289, 

294. 

Echiiiodisous, Breyums. 157, 150, 

291. 

Eeliinoidea,, A Eevision of the Genera 
and great Groups of the, by Prof. P. 
M. Duncan, 1-311. 

Echinolanipufi, Gray, 149, 150, 180, 190, 
195 note, 292. 

Hellei, VaL, 195 note. 

Kleinii, 202. 
oviformis, 149, 150. 

(Miiletia) elegantulus, Millet, 191. 
Ecbiiiometra, Gray, 117. 

Eehinometra, BomhUt, 116, 117, 118, 
149, 290. 

Echinometridjs, Gray, 22, 45, 115,116, 

290. 

Eclunometrin©, 115, 110, 290. 
EchinoneidsB, 166, 201. 

Eebmoneiine, 167, 168,291. 

Eebinoneus, van Phclsum, 168, 169, 

291. 

Eoliionopedina, OoiUau, 59, 73, 83, 
289. 

ciibensis, 73, 

Gacheti, 73. 

Eebinopsis, Agass., 59, 73, S3, 103, 290. 

Edwards!, Forbes, 83. 

Ecbinosoina, 8erv., 504, 508. 

Forbesi, Kirby, 509, 531. 
snmatranuin, Be Haan, 509. 
Yorbenae, Bohrn, 509. 
Echinospatagus, 217, 219, 220, 

221, 292. 


661 


Eebinostrephus, A. Agass., 110, 123, 
290. 

Eebmobhrix, 59, 74, 17, 78, 289. 
Ecbiinotburia, S. P. IVoodw., 41, 42, 
289. 

Eebinotburidae, Wyv. T/ioms., 22, 40, 
289, 311. 

Eebinothurina;, 41, 42, 289. 

Echinus, Bo?idelet, 68, 116, 117, 118, 
126, 127, 290. 
niger, Molina, 94. 
pileolus, 130, 131. 
reticulabus, Linn., 150. 
tubercidatus, 130. 

Ecteiiiascidia, Herdrn., 599, 601. 
diaphanis, Slidt., 002. 

Moorei, Herdtn., 602. 

Tburstoni, Herdm., 602. 
turbinata, Herdm., 602. 
Elasmoarian, 551. 

Bncope, Agass., 147, 157, 160, 291. 
Eniebaster, Be Loriol, 206, 215, 
292. 

Ennalaster, B'Ofh., 217, 220, 292. 
Entomaster, Gauthier, 207, 292, 294, 

311. 

Eociclaris, 294, 

Eovidaris, Desor, 27, 29 note, 33 
note. 

Eocidaris, Keyserl, 6. 

Eovidaris, Meek & Worthen, 12. 
Eodiadeiiia, Bunc., 69, 81, 289, 294. 

granulata, Bunc,, 81. 

Eolampas, Bmw. # Sladen, 23, 200, 
292. 

Epeolus, Latr,, 423, 432. 

Epiaster, B'Ork, 212, 217, 218, 292. 

de Lorioii, Wright, 218, 229. 
Erynnis, 360. 

Esoeidie, 542. 

Ethmolysii, 230. 

Ethinophraeti, 280. 

Eueera, Scop,, 423, 427, 432. 

Eucoelium, 8av., 620, 631, 632. 
croceum, Bisso, 632. 
flavidiiin, Bkso, 632. 
hospitiolum, Sav., 632. 
panisiticum, Giard,W6\, 632. 
ravum, Gtuhe, 632. 
roseum, B. C%., 632. 
Bubgelatinosum, B. C%., 632. 
Euechinoidea, Bronn, 4, 20, 24, 25, 26, 
288. 

Eugyra, Alder Hanc,, 562, 563, 
564 note. 

adriatica, v. Br., 664. 
arenata, Verr., 669. 
arenosa, Aid. Sam., 564. 
bilabiata, Shit, 564. 
globosa, Sane., 564. 
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Eug^n^a glutinans, Mull., 564. 
Ivorgaeleiionsirt, lienlm., 5G3. 
pcdunculata, TramL, 563. 
piliilaris, Fen\, 564. 
synimetriea, v, 5G4. 

Eiigyriopsia, 563, 609. 

Lacazei, Ihnde^ 569. 

Eupatagus, Ag(m., 230, 253, 255, 202. 
a.vcllai'ia, 255. 

Eiireol-iiiuis, Vcn., 121. 

Eurhodia, d'jMdae Haitue, 180, 

184, 291. 

Euryeercus, TyU8G\ 050 noto. 

Eurypiioiistcs, Dimo, Bladen, 116, 

124. 290. 

Euspatungua, 253, 255. 

Evechiuus, Vemll, 126, 133, 290, 294. 

EvoluUon, Divergent in the Land- 
Mollusks of Oahu (Gulick), 346- 
3G0. 

Dirergont, in the P(3riodioal Cicada 
(Q-ulick), 3G5-371. 

Exooyclica, 22, 23. 

Faorina, Gray, 225-227, 231, 292. 
antarctica, 226. 
cavernosa, 226. 
ohinensis, Gray, 231. 

Panjasia, D' Orh., 180, 189, 291. 

Eibularia, Lamk, 143, 144, 146, 291, 
305. 

Pibulariidae, Gray, 144. 

Forbesella, Ilerdm,., 573, 578, 585. 
teeseliata, Forbes, 573, 578. 

Forcineila, Dohrn, 516. 

Eorlioesila, Serv., 510. 

Porlicula, UmK 503, 505, 524, 530. 
afra, Beano,, 508. 
albix:)enm8, Charp., 530. 
americana, Ikauv., 510. 
aptera, Charp,, 530. 
aunciilaria, ‘Limi,, 524, 525. 
bipvmctata, Fahr., 524. 
brafiilkmeis, Gray, 507. 
chihmsiB, BkTwk, 518. 
ooriacea, Kirby, 525. 
dexn'oaaa, Bmuo., 503. 
gigaiitea, Fahr., 610. 
heVeuleana, Fabr,, 510. 
iajvis, FhlL, 5.31. 

Jobophoroidea, Dohrn, 522. 
longij3es, de Haan, 524. 
macroeexjhala, Beam,, 608. 
maritium, Gine, 537, 
minor, Linn,, 519, 
morio, Fahr,, 521. 
parvicolHs, BiU, 530. 
picta, Kifhy, 525. 
pknicollis, Kirhy, 525. 
riparia, FdL, 51(i 


ForficulidiV, A Revisii)u of tlie, with 
Dosoriptiona of Niuv 8pe<*i('s in the 
British Museuni, by W. F. Kirby, 
502-531. 

Fragariiim, Giard, GIG, G2C>, 627. 
areolatuni, ]).Ch„ 627. 
elegaiis, Gkml, 627. 

Fragaroidos, Maimc, 616 627. 

uiirantiacum, Maurice, (>27. 
Fritillaria, Q. G., {)50, 651. 
formica, Fol, 052. 
fiircata, Fogt, C)r>2. 
haplostoma^ Fol, 652. 
mogachile, Fol, (552. 
urticaiis, Fol, 052. 

Fungttlus, Ilerdm., 570, 571. 
cinereus, Herd/iu,, 571. 

Gadiclm, 392 note. 

Gadoidci, 542. 

Gadus, 551. 

morrhua, 539, 557, 

Gagaria, Dime., 85, 89, 91, 290, 294. 
(Micropsia) veuustiila, J)um. &' 
Bladen, 92. 

Galaxiidm, 550, 564, 

Galeopygus, JOesor, 141. 

Galerites, Lamk, 167, 168, 294. 
Galeritidfe. 135, 

Galeroclypeus, Coiiean, 180, 189, 291. 
GaleropyguH, Cotteme, 23, 135, 138, 
141, 290. 

Ganoidei, 546. 

Garelia, Gray, 78, 294. 

Giuthieria, Lamk, 85, 88, 200. 
GonicopataguB, A, Agass,, 266-208, 
293. 

affinis, A. Agass,, 208. 

Glandula, Btimps,, 582. 
areniiiola, Ferrill, 582. 
libroHn,, Blimps., 582. 

■ mollis, Simps., 582. 

Globator, 294. 

GlOBftophorum, Lak, (>16, (il7, GIB. 
hum lie, Lak, G1.8. 
sabulosura, Giard, GIB, 
Glyphocyphkm, 9G, 97, .105, 290. 
Gly]»hocyi)iiuH, 50, 97, 102, 103, 
290. 

radiatus, Boning, 08. 
rugosuB, 99. 

Glyptechinus, BeLoriol, 12G, 128, 290. 
Glypticus, Agass., 49, 54, 289. 
Gnathostomata, 549. 

Gomphechinus, Bom.., 87, 204. 
Goniocidaris, 27, 30 note, 32, 33, 
289, 294. 

Goniophorus, Agass,, 45, 40, 289, 294. 
Goniopneustes, 113, 290, 294. 
Goniopygus, Agass., 49, 52. 289. 
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Grooclsiria, Ckmningh., G35, GJ>7. 
coccinea, Cmm., (>38. 
lapidosa, Herchn., G37. 
pedimeulata, Hcrdm., (>38. 
placenta, Herdm., 638. 

(jorgonia, 531. 

Gramraeciiinus, Dune, cj- Sladen, 115, 
290. 

Grasia, MicMin, 19G, 199, 292. 
Guaitieria, Dcsor, 240, 256, 257, 202. 
Guettaria, Gtwilder, 207, 292, 311. 
Gnliek, Rev. J.T., Intensive Segregation, 
or Divergence through Independent 
Transformation, 312-380. 

, Divergent Evolution in the Land- 

Molliisks of Oahn, 346. 

Gummiira, 531, 532. 

Wallicliii, 531, 535. 

Gymnoarian, .551. 

Gymnoeystis, Giard, 566 note. 

como.sa, Gko'd, 569. 
Gvmnodiadema, Ve Loml, 57, 59, 83. 
290. 

Hagenowia, 206, 21 0, 292, 294. 
Hagenowia, Bimcan, 210. 

rostratus, Forhes, 211. 

Haimea, MkheJm, 173, 174, 291. 
Tliilietus, Latr., 411, 417, 41S, 422, 
431. 

Halocynthia, Vemil, 576 noie. 
Haraaxitus, Ifkf/m.j 226, 231. 
Hapalemur, 400 note, 
griseiis, 462. 

Hardouinia, J. Haimea 180, 183, 291, 
294. 

Mortoni, Hainif, 183. 

Hebertia, 294. 

Ilelicida', 347. 

Heliecliinus, Girard, 132, 294. 
Helioeidaris, Bern,, 118, 119, 121,294. 
Helix poinatifi, 354. 

Hemiaster, Demr, 177, 218, 224-234, 
275, 292. 

expergitiis, LovGu 231. 
Heioieidaridm, 45, 48, 57, 289. 
Hemicidaris, 49, 50, 51, 54, 55, 

82. 

Hemidinderaa, Agass., 49, 50, 289, 294. 
nigosuni, 50. 
stramonium, Agas-'i,. 50. 
Hemimyaria, Hvrdm,, 641. 644. 
Hemipatagus, l)em% 217, 222, 265, 
292. 

Hemipedina, Wright, 54, 69, 280, 294. 

SffiTnanni, IVnghi, 81. 
Hemipnenstes, Argm.j 206, 209, 202, 
305, 311. 

Heniipygus, Ftulfou. 49, 50, 201. 
Heptanchus, 394. 395, 404, 
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Heteraster, B'Orh., 220, 294. 

Ileterobrissus, Mavc. A 242, 243, 
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inainilUitus, 117. 

Ileterocidaris, Cottcaii, 59, 77, 289. 
Trigeri, Cotteau, 75. 

Wickense, Wright, 75. 

Heterodiadema, Cofkaa, 59, 65, 289. 

lieterolampas, Cottemi, 217. 22], 292. 

Heterosalenia, Cotteem, 45, 47, 289, 
294. 

Heterotrema, Fiedler, 610, 614. 
Sarasinorurn, FkdL, 614. 

Hipponoe, Grap, 132, 294. 

Hi])popotamus, 400 note. 

Hollister, Aga,^s., 206, 207. 208, 31.1, 
Oampicheanns, WOrh., 208. 
ludicus, Forbes, 208. 

Holectypoida, 25, 135, 288, 290. 

Holectypus, JJesor, 22, 23, 135, 136, 
290. 

Holopneustes, Agass,, 114, 290. 

Homoiampas, A. Agass., 260, 275, 293. 
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288 . 

irregularis, MbbL (f WortLm, 18. 
Plionnosoma, Wm, Thoms,, 38, 42, 281), 
310,311. ' 
bursariiim, 310, 
lueulentum, ^4. Ag„ 37. 
rigklii!n,>,u^l Ag., '38. 
placeiito, IVgt). Thorns,, 310. 


Phonno.soinn. tenue, 38,310. 
PliyllacanthiiH, Brandt, 28, 30, 32, 280, 

203. 

clubia, Brandt, 32. 

Pliyllobrissua, Cotkan, 180, 187 . 201. 
Plivlluelyjxais, Ik Lariol, 180, 102, 
104 note, 202. 

Pliyinecliinits. Iksor, 50, 00, 2S9. 
Pliyinosorna, Hahne, 81). 

Pilous, IksoT, 135, 130, 107, 200. 
Piaeodiadema, Dime., 50, 04, 00, 280, 

204. 

Plagionotus, Agass, d Iksor, 244, 245, 
204. 

Be.sorii, 245. 
pectoralis, 245. 

?lagii )stoini, 30r>, 300. 

I^atybrisBus, irnihe, 2L7, 222, 202. 
Piatyl;i,bia, Dolinh, 504, 505, 518. 

Jn.ajor, Dohrn, 518. . 
nigrioepB, Kirby, 518. 
thoraeica, Ihhrn, 518. 

Plesiantbiis, 149, 154, 155, 291, 294. 
PlGsia.ster, Pomal, 241, 292, 294, 305. 
Ple.sioeidaroida, 7, 19, 288. 
Plosiodiadema, Dime., 59, 04, 289, 
294 . 

Plesiolampas, Dmic. if Stadm, 180, 
192, 193, 104, 224, 2i)2, 305. 
Plesiospatangida’5, 23, 100, .199, 292. 
Pleurecbinii.s, Aguss,, 107, 290, 294. 
Pleuroeiona, Euhk, 598, 

Pleiirodiadoma, De Lor lot, 59, 00, 289. 
Pleurolophiiiin, Glard, 017 note, 
14ouronoctida‘. 542. 

■Pliolanipas, (iai.ifhirr, 294, 305.' 
Plistophyiua, Peron 4’ iiaitfhkr, 57, 59, 
71, 289. 

Poeoek, .R- I., On some Old-World 
SpocieH of >Seor]n(>nK belonging to the 
(Ion us hmetrus, 43>3 447. 
Podocidat’is, A, Agass., 02, 93, 290, 
304 . 

Podo(-k.V(flla, lirrdm., 599, r»03. 
nnrilueens, (hirst., (>93. 
borealis, Ban., 003. 
ineridionalis, Ikmlni., 003. 
Podophom-, Agass., 117. 

Ikljaster, Mkhrthu 150, 294. 

Polycarpa., Iletkr, 582, 583. 
iBuea, Ilmlm,, 585. 
argoensis, Ilerdm , 585. 
ascidiuides, Herdm., 581. 
aspora, Jicrdm., 585. 

Baasi, Eerdm., 585. 
captiosa, Simit., 584. 
coniataj Aid., 58 k 
crypiocarpa, Slmt,, 58 L 
carta, Eerdm., 58 1. 
discokleti, licit er, 581., 



INDEX. 


mi) 


Poljcarpa elata, Heller^ 583. 
elongata, Hmlm., 585. 
fastigata, Her dm., 585. 
formosa, Henlm., 584. 
fulva, Ho'dm., 585. 
glomerata. Aid,, 583. 
graeilis, Heller, 5S5. 

Haddoni, Bcnlnt., 585. 
Herdmaiii, 583. 
irregularis, Her dm., 585. 
longisiplionica, Herclm., 584. 
Mayeri, Traud., 585. 
niiuiita, Her dm., 583. 
molguloides, Herdm., 584. 
mollis, Heller, 585. 
moaensis, Herdin., 584. 
nebiilosa, Heller, 585. 
uigricaus, Heller, 583. 
obscura, Heller, 584. 
obtecta, Trau.d., 583. 
oligocarpa, JSluit, 583. 
papillata Sluit., 583. 
patens, Slmt., 585. 
peclata, Hcrdm., 583. 
pedimculata, Heller, 583. 
pilella, Berdm., 584. 
pomaria, Sav., 584. 
procera, Slult., 584. 
pusilla, Berdm,, 583, 
quadrata, Berdm,, 583. 
radicata, Berdm., 583. 
rigida, Berdm., 585. 
rugosa, V. Dr., 584. 
rustica, Linn., 685. 
sabulosa, Heller, 584. 
simplex, Berdm., 583. 
spiralis, Bluif., 583. 
sporigiabilis, Traust., 583. 
Stimpsoni, Heller, 584. 
sulcata, Her dm., 585. 
tinctor, Q. # G., 584, 
torresiaua, Herdm.., 585. 
tumida, Heller, 584. 

Tarians, Heller, 585. 
viridis, Berdm., 583. 

Polycidaris, Qiiendedt, 37, 34, 289. 

Polyclinkbe, Giard, (>15, 628. 

Polyciinoides, von Drasehe, (>16, 621. 
diapbaruim, v. Drasch, 621. 

Poiyclinum, Sav,, 616, 618, (U9. 
aurantium, M.Hddw., 618. 
cerebriforme, Aid., (>2S. 
constellatum, Bav., 619. 
cythereiim, Bcai, 619. 
depressiim, Herdm., 619. 
diazoniB, A C%, 619 note, 
ficus, 619. 
fmigosum, Her elm., 619. 
fuscuin, D, Oh., 619 note, 
besperium, Bar., 610. 


. Poiyclinum isiaciun, Bar., 619. 
inolle, Herdm., 619. 
saturniimi, Bar., 610. 
septosum, D. Cli., 610. 
stellatiim, I). Gh., 610. 
succiueum, Aid., 628. 
lU'anium, Ban, 619. 
vesieiiloaum, D. Ch., 019. 

\iride, I>. Ch., 618. 

Polycyclus, Lim.. 605, 607. 
cyaneus, v. Dr., 607. 
eleffreysi, Herchn., 60S. 

Lamarcki. Herdm., 608. 

Peuieri, LamJe., 608. 

Savigiii, Herdm:, 608. 

Vallii, Lah., 6)08. 
violaceus, v. l)r., 607. 

Polyporinie, iKk 121, 290. 

Poh’pterua, 400 note. 

Polystyela, Giard, 635, (i36. 

Lemirri, Giard, 035, 636. 
Polystyelida*, Herdm., 635. 

Porocidaris, Deeor, 32, 280, 293. 

I Poropeltis, Quensl., 45, 46, 294, 
Puurtalesia, A. Aeiaas., 2, 82, 270-286, 
! 203 . 

carinata, A. Agar^n, 280, 285, 2S(i 
coratopyga, A. Agetsn, 280, 281, 

285, 

bispida, A. Agatts., 2S0, 285. 
Jefireysi, Wyv. 27wms., 280, 281, 
282, 285, 286. 

lagunciila, ^4. Ae/aiss,, 280, 285, 

286. 

miraiida, A. Ar/am., 280, 2S1, 282, 
283, 285. ' 

phiale, W^iK Thmis., 280, 285. 
phyaU, Wyr, Tboms., 280. 
rosea, A. Jga.ss., 280, 281, 283, 
285, 

Poiirtalesiffi, Wyv. Thome., 270. 
Poiirtalosiidm, 205, 270, 293. 

Prenaster, IJeeor, 225, 235, 202. 
Prioneebinus, A. Agasn, 126, 134, 290. 
Progonocbiiius, Dune, Bkdm, 50, 84, 
290. 

Prosopis, Fahr., 416, 418, 421, 431. 
Protoechinus, Amt., 6, 13, 203. 

Proteus, 385, 390. 

Protopterua, 405 note, 556. 
annectens, 408. 

Prymnadetes, 23, 217, 224, 260, 260, 
292, 293, 304. 

Prymnodesmia, 23, 217, '239, 266, 273, 
292, 293, 304. 

Psalidophora, Berv., 521. 

Psalis, Berv., 505, 516. 

picina, Kirby, 516. 

Psammapiidium, Herdm,, 610, 620. 
eftVeiiatum, Herdm.. ifAi 
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F.sainniaplidiurn ('xigmnn, Jlcrifm., 0:^0. 
Ilavuiu, (>20. 

fragile, Herdut..^ (520. 

HenhiL, (520. 
lobatuin, lierdi^.^ (520. 
ovatunij I'IcrdM., (520. 

])«('{ u t icii luit-u, ! u , ffmlmu, ( 520. 
pyv’ilbrtnis, limhu.., (520. 
ret/iloriru', Herd/iL, (520, 
nulc, Ih'rdw,^ (520. 

.soIiduHi, (520. 

S[)<.>iigifon'ue, J/crd/iK. (520. 
.siibvirido, (520. 

Fsainmcchinus, 50,00, 12(5, 127, 

290, 294-. 

PseurlaHtorostonia, Dimcmi, 200. 200, 
292, 294. 

JiiiKMioi, Cidfi'.a}f, 204. 
I'.soudholaHior, Pornrh 294, 550.b. 
Fst‘iul(>b(4ctin, Troi^rhi'i, 11(5, 122,290. 
Fseu(l(HM(la.riB, Kf(ddi»f,-i\)A)\, 289, 294. 
rseudodesoivila, LUallon, 179, 180, 190, 

291. 

PKinulodiadwtia, Demr^ 24,57-451, S2, 
289,294. 

IViiclodideiumini, (Hard, (520 nole. 
J?«oitdoptMlma., 59, 72, 289, 

294. 

Pseudopygaailas, Coqmrnd, 2(’)0, 294. 
P«(UKloria.lci'iia, (kdfmH, 4.5, 40, 294. 
PmthyrUB, Lep,, 410,400, 402, 

J^ya u i i !.«!, AijdHs . , 1 1 58 , ] 7 1 . 

Pygasi,ei*, /b/aas’., 105, 107,108, 290. 

iiiogaBtonin, WrUfkf^ 108. 
Pygn,8t'ri(b\s, !4mn, 1555, 108, 290. 
l^gaidus, 171, 291. 

Pygiclicraim,, ySVrr., 50-1,500, 507. 
Horsnoldi, Klehtp 500,5551. 
palbdipauuiH, Ih Jhtm, ,50(5. 
wtajihyliuoidt-H, lV(tU\, 50(5. 

V. -nigrum, Arrr,, 51)0. 

Pygomma-, 7Vasv'//t'/, 955, 294. 

Pygo|dHltw, 294% 5505. 
P*ygor})ym*huM, Ac/tim.i 149, 150, 18(1, 
i'82,291, 294. 

PygnruB, Hi-lyaaa, 180, 188, 291, 

PyragrU', 89/7?., 59,0. 509, 

Serv,, 507, 509. 

Pyrhw, ./Avs’ 108, I71, J72, 

*291, 

globos?!., 1755, 

Pyrottoma, Pmn^ (508, (509, (540- 
atianUcuin, Pirov, t54(), 
elegans, Les.^^ 040. 
giganteum, JA'A'., (540, 
spiiiosum, Berdm.^ 540. 
Pyrosomid®, 7\ B Jones, COB, . 

Racbiosoma, Porael, 294, *105, 

Badiocy pints, Chftem, 289, 5505. 


Raia,, 5588, 5589, 5594, 5597, 5599. 

cilav.ata, 081 iiole, 55855, 55S9, 409. 
inamdal.a, 55855 note. 

Raua, 5588, .090. 
tornpf>ra,rj{i, 409. 

R-liabdocidaris, Dasw, 27, 540, 551, 2S9, 
2955. 

RIia,bdoaytirJua, JImhn., 5755, 575. 
coinplaiiata, Hv.hltu., 575. 
inauritiaaiii, n, Pr., 575. 
mollis, lievdin,, 575. 
pallida, Udln\ 575. 

, var. billltoneiLsis, Phut., 

575. 

pa jiiaienBis, Plcrdm , 575. 
])yrirurHuy, luiflipe, 575. 
rosea, ShfU., 575. 
simciforjuis, P)r., 575. 
subfiirtca., Herdm,, 575. 
tonuiH, IPrdiJi., 575. 

Bluna, 5194, 098. 

^ squatina., 409. 

Rhinobrissus, A. Ajutss., 2559, 240, 217, 
258, 292. 

pyratnidalis, Afpm,, 247. 
Bhodosoma,, Khrenh,, 505 note, 597, 
oalloiisi^, Lm'^-Dnih., 598 . 
papillosum, PUmps,, 598. 
pellucidiim, St Imps,, 598. 
py.xis, Traust,, 59S. 
semimidum, Heller, 598. 
Blioochinus, IF. Keeping, 7, 14, 288, 
R-liopalica, Philippi, 597, 599, 000. 
co.rberinna, Loh., OOj . 
neapolilana,, PidtL, 00 ! . 

Rbopalona, llonlo., 000 nolo. 
Rhopalopvsis, Herdm,, 599, 001. 

(uaissa, Herdm., 001. 
fusaa-, Herdm., 001. 

RhviKjliopygUH, J)'(Jrh., 180, 182, 291, 
291. 

RophiteB, Spin., 4U, 4.12, 421. 
iiotulu, Klein, MO, 157, 1.00, 291. 
Augusl/i, Klein, 104. 

Rninpldi, Klein, I04-. 

Botub udnn, Ji. Kikeridge, 14 1, 147, 148, 
291, 

Eutnpliin, Besor, 150, 291, 

Runa, Agem., 144, 147,291. 


Salamamlra, 088, 090, 402, 400, 548. 

niacAilosa, 409. 

Balcnia, O'm//, 45, 47, 289, 

Baletudaa, 20 note. 

Baleniiclm, Dune, tf* Sladen, 22, 45, 289. 
Haltnacis, Agass,. i(.)9, 110, 290. 
Bahnaeopais, Buderl., 110, 290, 294. 
Balmo, 551. 

salar, 545 note. 
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Saloiones, 550, 554. 

ISalmoiu(la3, 404, 405. 

Salpa, Forsk,^ 645, 640, 647. 

africana-maxima, Forsk., G4G. 
antai’ctiea, Mei/m, G48. 
antlieliphora, Per, cf' Zes,, ()48. 
aspera, Cham., 048. 
bicornis, Cham., 648. 
cairulea, I). Ch., 648. 
cylindrica, Om., 646. 
dvibia Cham., 648. 
eebinata, Hmlm., (>47 note, 
ernarginata, Q. G., 648. 
berculea, Bali, 648. 
iiiformis, Q. G., 648. 
tiiollis, Herdm., 646 note, 
musculosa, Herdm., 647 note, 
niticla, Herdm., 646 note, 
punctata, Forsk., 64(5. 
pyrainidalis, Less., 64S. 
qiiadrata, Herdm., 647 note, 
rhomboides, Q, Cr., 648. 
rubrolineata, Less., G48. 
runcinata-fusifonnis, Ckam.-Cuv., 
646. 

tricuspida, <3. G., 648. 

vaginata, Cham., 648. 

SalpicljB, Forhes, 644, 647. 
fc'arcobotrylloides, vo7i Braseke, 605, 
609. 

ancepa, Eenlm., 609, 
jacksonianum, Herdm., 009. 
pamiosmn, Herdm., 601). 
purpuream, Herdm., 609, 
siiperbutn, y. Br., 609. 

Wyvillii, Herdm., 600. 

8aropoc]n, Lafr., 429, 432. 

Sursella, Bomel, 263-265, 294. 

nnuiritauica, Pomel, 265. 

Saunders, Edw., On the Tongues of the 
British Hymenoptera Antbopbila, 
410-432. 

Savignia, Besor, 78, 294. 

Seaphecbmiis, ikrn., 158, 

Scliizascus, Simps., 597 note. 
Scbizastei’, Amss., 225, 227, 234, 238, 
247, 292. 

gibbcrulus, Agim., 235. 
Scblcinitzia, Stud'er, 27, 33 294. 
Scomber udei, 542. 

Scorpmnti, 400. 

Scorpions, Old-World Species of, be- 
longing to the Oenus hoincfnm, by 
R. I. Pocoek, 433-447. 

Scutella, Lamp, 142, 157, 158, 291: 
Sciitellidse, Agass.^ 144, 157, 291. 
Scutellina, Agass,, 144, 145, 291, 294. 
Sejilium, 38^i, 397, 404. 

Canicula, 409. 

Selacboidei, 397, 398. 

riy[K. JoiTBN-,- 


Serranus, 542, 544. 
cabrilla, 544 note, 
hepatus, 544 note, 
scriba, 544 note. 

Sklnyiim, 3av., 616, 625. 
pallidum, Herdm., 625. 
turbinaium, Saa., 618, G25, 627. 
Sigillina, Sav., 616, (>24. 

australis, Sav., 624. 

Siren, 385, 300. 

Sisrnondia, Besor, 144, 145, 146, 291. 
Sluiteria, Fd. v. Ben., 599, 601. 

rubricollis, Slulfer, GUI. 

Smaris, 642. 

Sparatta, Serv., 605, 519. 

Horsfieldi, KiHy, 519. 
pelvimetra, Serv., 519. 

Sparoidei, 542. 

Spatagocjstis, A. Agass., 280, 283, 286, 
293. 

Spatangidm, 205, 216, 292. 

Spatangoida, 23, 25, 166, 288, 291. 
Spatangoidea, 25, 166, 205, 288, 
292. 

Spatangomorplia, Bohm, 239, 243, 
292. 

Spatangus, Klein, 226, 239, 251, 256, 
265, 292. 

loncopborus, 3Ieneg., 252. 
ocellatiis, Besor, 265. 
Spbrnreehinus, Besor, 116, 122, 290. 
Spbeeodea, Lair., 411, 412, 417, 418, 
422, 431. 

Spbingolabis, Be Bqtjh., 505, 524, 526, 
528, 530. 

africana, Bolmi, 511, 526, 527. 
binotata, Kirby, 528, 
bipartita, Kirby, 520, 
furcifera, Be Borfn., 526. 
gracilis, Btmn., 628. 
meridionalis, Kirbg, 529. 
perplexa, Kirby, 529. 

Bpictilifera, Kirby, 528, 531. ■ 
subaptera, Kirby, 527. 
sutiiralis, 528. 

variegata, Kirby, 520. 
Spirastreliicbn, 538. * 

Spongipbora, Serv., 521, 

Spongopbora, Serv., 505, 521. 
croeeipemiis, Serv., 521. 

Dysoni, Kirby, 521, 531. 
flavipennis, Acrm.., 521. 
llieriminieri, Bere., 521, 
Squaniipinnes, 542, 

Squatina, 398. 

Slaphyliiiidffi, 520, 

Stegaster, Po^nel, 209, 294, 

Stegosoma, Chm, 650, 65L 
Stelis, Panz., 426. 

Stenonia, Besor, 206, 216, 216, 292. 
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Stepliaiiodiilarite), .A. J</,, 27, 20, 21, 
281), 21>3. 

Storeoclavollfi, Ikrdui., 590, ()02, (>04, 
aiwtnilis, Hmhn., (JOi 
OHoruiis, llrrd/iL, r>0'k 
oi)longii, Ih'i'difL, 004. 

SifU’tMJSuiuata, 27*, 40, 22S, 280. 

8iif»'tiiul'.oj))'gs!s, I)' OA)., ]<S0, J82, 20 .L 

Siirccliii'uis, 120, 128, 200. 

Stt)rn;i])onid, Collatif, 200, 20G, 204. 

Stoiiu'ciiinus, J)i‘so}\ 00, 74, 280. 
(jaiuareiisis, rle Lorlol, 74. 

St'.omopneusteH, y///a.s>‘., l.U>, 110, 200. 

Strcpiosoriiaia, 20, 40, 40, 288, 280. 

StroiigylomilroiuB, Jiniiidi, l.U», 121, 
130, '101, 200. 

Studei'ia, Dihic., 180, 180, 180, 201, 204. 
(Oaiojivgas) elogajis, 180. 

Stjela, NaJlcapJ)!^, 080, 082. 
aggregata, Y). F. .M., 581, 
aroolaita, IIelki\ 080. 
argcu(;a,ta, BkU,, 083 note, 
aiirita, 583 note, 
bicolor, &//’., 080. 
byt’hia, 081. 

caiiopoides, Jidkr, 581. 
eanopus, 081. 
ciuerea, SaiK, 5BL 
olmi, IM-nf,, 081 . 
oou'vexa, IlenlfH,, 08L 
exigiia, Bmlm,, 080. 
fibrillata (?), 580. 

Hava, J-Jerdi'ik, 080. 
gelatinosa, Tmud,, 081. 
gbuif!!, IIerdm..t 08O. 
grandiB, Ikrdm., 081- 
gyroaa, Mdlcr, 081. 
huniiliy, }Mfe>\ 080. 
laetoa., 081. 

litieai-a, lkch,<, 080. 
myOligera, Bar,, 08 L 
obloi'iga, Herdm.f 080, 
oUtoria, 083 note, 

perforaia, Blmi,, 080 note, 
plicaia, /av., 581, 
pHolofJSHa, Simt . , 0B3 note. 

|)u|}a, IieUn\ 580. 
piwilla, l:kfdw,^ 580. 
mcemosa, Berdm,^ 080. 
radieosa, Herini,, 081. 
scortoa, 53 

serioata, IlerdM,, 583, 
solearis, 081. 
s(|tiamo8a, Herdm,^ 580. 
t^raiistedti, Simt, 580 note, 
variabilis (?), 586. 

Styelinaj, Merim., 570, 578. 

Styeloides, SMter, 578, 570. 
abnmebiata, Bhiit., 570. 

Styelopsis, Tmust, 581. 


(StyvIopaiH gruasularia, van Mcnahn 

OSl. 

Byinpleguia,, Ilmhi,, 005, GOO. 

viridi', Ifrrdai., 000. 

Bytioicmn, Phtppti, Ollt, 021, 
tns’gcna, Phippn, (>24. 

3yno|.Y(‘la, (iiard, 0r‘{0, (J.37. 
inci’uainns, Jlrrdin., 1>37. 
varieg;i{,a, Aid, iVB. 

Bynileliiys, Gmh., OOO 3iote. 

'J’agaliua, Thdini, 003, 001. 

graiuUvetOeiH, IFamli., 003. 
a\4e<wt(4, .303, 400, 403. 

Te!nina*.binu.s, Forix's, lOS, lOO, 200. 

mnculntuB, A. Ap,, lOS note. 
Teinnocida.ris, (ki/nm, 27, 33, 34, 280* 
T(ntniei)icurick', 22, 40, 07, 00, 114, 
200 . 

Teamoplcuiriine, 07, 100, 106, 290. 
Temnopleurus, Jpm,, 100, 108, .100, 
200 . 

Hardwiebii, 100 note, 
lieynaudi, 100 note. 

iennimaiieuH, Aipt.^s., 100 note, 
Toratoiogiciil Kyi(leji(,‘c ub io the Ifore- 
tlily of Aciiuirefl ( Vnditions, by B, 
0. A. Windle, 448--502. . 

TeivacidariB,' Cofdeau^ 27, 35, 281). 
Tetradidoiumnn gigns, ,2). Vaik, 031. 
O^ctragranima, A(pm„ 00, 01, 294. 
Thalia, lUwmmh., (540. 

deniocratiea-mucronata, Fonl\, 
040. 

, var. ilagelliieni, Trmid., 04G. 

"I'haliacea e. d. Iim\, 040, (541. 

Tiuinao.B, 3(50, 5101. 
d3iegaB(eir, Vomei, 294-, 305, 
Thennaateift, Ihkrip 50*1, 507, 509. 
hriiBilieiiHiB, Obvr//, 507. 
ehontaJia, Brmkt, 507. 

BatiHHurei, Ihhrn, 507. 

Thoosa ciieioideH, 533 uetty 
Thylnciuin, Vnrm, 035, 03(5 noit\ 
Nowiani, Alt'kr, 030. 

Hyivnni, ihrm, (530. 
irhyleiilunuH, Vowd, H5, 89, 290, 305, 
ThyBa,T\«m,, 503, 53,1. 

TiareehinuB, Nenmapr, 5, 7, 19, 288, 
})rin(?epB, Lanhe, 20. 

Tiaris, Qwmt,, 4'9, 294. 

Torpedo, 382, 383, 391, 397. 

ToxaHior, Agam., 219, 207, 294. 
Toxobrissns, I)(W, 245, 248, 294. 
Toxocidaris, A, Agam., 121. 
Toxopneust.ns, AgaM,, 121, 120, 1530, 
131, 290. 
maeulafcus, 130. 
pileoliia, A. Ag., 130, ISl, 
setnifcubercidaitifl, 1 3(). 
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Toxopnousfcos Tariogatus, 130. 

Tracliy astor, Tomd, 228, 229, 294. 
Tracliypata,"Lis, Pomel, 255, 294, 
Treiiiatopygus, JJ^Orh., 175, 170, 294. 
TricliodiacloLiKi, A. A^ass., Gl, 294. 
Trididemniimj Pella Valle, 029 note, 
030. 
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